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Charles Friedel (1832-1899) 


During 45 years of study and research the French scientist 
Friedel turned his interest toward many directions in the fields 
of chemistry and mineralogy. With various colleagues he pre- 
pared isopropyl alcohol, several organic compounds of silicon, and 
glycerin; with Crafts he made the accidental observation that 
benzene homologs can be synthesized by bringing together an 
organic chloride and a hydrocarbon in the presence of aluminum 
chloride. His studies led to the recognition of the close analogy 
between carbon and silicon. Later on he devoted much of his 
time to attempting to make minerals by artificial means, studying 
the pyroelectric phenomena of crystals, and determining crystal- 
-lographic constants. 

Besides carrying on his work in the lab, Friedel taught miner- 
alogy at the Sorbonne and upon the death of Wurtz, assumed the 
chair of organic chemistry. He was associated with the latter in 
editing his ‘“‘Dictionaire de Chimie’’ and helped found the Revue 
générale de chimie in 1899. ‘ 
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Editors Outlook 


E ENDED World War I with acockeyed phrase on 

our lips—‘the return to normalcy.” We are 
finishing the second World War with a term equally 
unintelligible in its context—‘The Atom!’ Purists who 
squirm at the violence which the general public does 
to such simple but accurate terms as work, power, 
mass, force, and energy, must be literally tearing their 
hair at the way ‘‘The Atom’’ is tapped, split, fashioned 
into a bomb, and used to demolish cities. We hail the 
advent of ‘“The Atomic Age” as though we haven’t 
been living in it since the beginning of synthetic chem- 
istry, at least. ‘The Atom” (good old fellow) is 
going to solve all our problems of power and energy. 
In fact, the term ‘‘atomic energy,” which many of us 
have been using in good faith, is itself a misnomer. If 
it means anything, it is the energy associated with 
atoms, which just about includes all the manifestations 
of it—certainly all that we describe as ‘‘chemical 
energy.” 

A somewhat more accurate term would be ‘‘sub- 
atomic energy,” but even this is not‘exactly what we 
mean in the most recent sense, which excludes most of 
the phenomena associated with one branch of sub- 
atomic science—electronics. 


It is unfortunate that ‘The Atomic Bomb”’ is be- 
coming so firmly fixed as such in the public mind, for 
we never had a bomb which wasn’t ‘‘atomic,”’ either 
in the fine details of its construction or in the source 
of its explosive energy. 

What we are really talking about is a newly de- 
veloping branch of physical science, newer but just as 
significant and important as the now well-defined field 
of “‘electronics.”’ The name ‘“‘nucleonics” has already 
been assigned to it. For some time we have been talk- 
ing about electronic devices, electronic theories, and 
even electronic energy. The energy which made a 
shambles of Hiroshima and Nagasaki was ‘‘nucleonic”’ 
in its source and the apparatus was a ‘“‘nucleonic 
bomb.” 

No, to be sure, the general public will not quickly 
know what ‘‘nucleonic’”? means—but they don’t know 
what “atomic”? means either, for it certainly doesn’t 
mean what they think it does. And the proper term 
is almost as easy to say as the incorrect one, and under- 
standing is after all promoted by the choice and use of 
properly expressive terms. 

Are we to perpetuate another “error” in our scien- 
tific language—along with ‘“‘oxygen”’ and “vitamin?” 


BOSTON UNIVERSITY 
COLLEGE OF LIBERAL ARTS 
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Barbituric Acid 


JAMES KENDALL 
University of Edinburgh, Edinburgh, Scotland 


HEMISTS must frequently have wondered what 
is the origin of the peculiar name of this compound 
discovered by Baeyer (Ann. 127, 199 (1863); and since 
the introduction of barbiturates into the field of medici- 
nal products in recent years, I have received a number 
of inquiries from physicians on the question. The 
only suggestion that has been made in the literature— 
I am indebted to my colleague, Professor John Read, of 
St. Andrews for bringing it to my attention— is given 
in a book by Louis F. Fieser and Mary Fieser, ‘‘Organic 
Chemistry,” D. C. Heath and Company, Boston, 1944, 
p. 247); it runs as follows: 


The picturesque names of the compounds of the uric acid group 
for the most part were chosen by Wohler and Liebig at a time 
when it was impossible to envision structures and when the 
analytical method used for determining nitrogen was so subject 
to error as to give misleading results. The oxidation product, 
allantoin, was so named because it was found to be identical with 
a substance isolated from the allantoic liquid of cows, and its 
product of reduction, or hydrogenation, was named hydantoin. 
The product of nitric acid oxidation, alloxan, was thought to 
contain the elements of allantoin and oxalic acid. The further 
oxidation product, parabanic acid, impressed Wohler and Liebig 
as a “‘new and peculiar acid,’’ both because of the unusually low 
hydrogen content and because it was found to be converted by 
bases with great ease to another substance (oxaluric acid, NH:- 
CONHCOCOOH, the monoureide of oxalic acid); the name is 
derived from the Greek parabainein, to deviate. Baeyer’s paper 
does not disclose the reason for his choice of the name barbituric 
acid, but so stresses his conception of this substance as the key 
compound in the series of related ureides as to suggest the der- 


ivation from the German word Schliisselbart (the bit or ‘‘beard”’ 
of a key, from L. barba, beard) plus uric acid. 


This explanation is certainly ingenious, but to me it 
is not convincing since I obtained from the late Dr. 
L. H. Baekeland, during a visit he made to Edinburgh 
in 1937 to receive the honorary degree of LL.D., an 
alternative derivation which I shall attempt to put on 
record, so far as my memory serves, in his own words. 
Baekeland had the story first hand from his father-in- 
law, Theodore Swarts, who succeeded Kekulé in the 
chair of chemistry at Ghent. 

Baeyer and Swarts were both research workers in 
Kekulé’s laboratory at the time of the discovery. For 
their lunch the chemical staff regularly went to a near- 
by restaurant which was also the rendezvous of the 
officers of the local artillery garrison, and friendly rela- 
tions had been established between the two groups. 
One day when the chemists entered, they found the 
officers already engaged in what was obviously a very 
special celebration, and were invited to join the party. 
When they asked the reason for the festivity, it was ex- 
plained to them that this was Saint Barbara’s Day, and 
Saint Barbara was the patron saint of gunners. After 
a time Baeyer mentioned in the course of conversation 
with the commanding officer that he also was feeling 
particularly happy that morning, because he had just 
discovered an important new chemical compound. 
“What are you going to call it?,’”’ asked the officer. 
Baeyer confessed that he had not given any thought to 
that point so far. “Well, what did you make it from?” 
was the next question. Baeyer told him that it was a 
derivative of uric acid. ‘‘A derivative of uric acid, and 
discovered on Saint Barbara’s Day,” exclaimed the 
officer, ‘‘its name shall be barbituric acid!” A toast was 
immediately drunk to the newly christened substance, 
and barbituric acid it has been called from that moment. 


No Longer Pointless 


Margarine is experiencing its second wartime boom from which 
its manufacturers hope it may emerge as a consumer-accepted 
table fat. Since 1870 when the French chemist, Méges-Mouriez, 
won the prize offered by Napoleon III for a fat as appetizing, nu- 
tritious, and stable as butter, margarine has been improved until 
now many think it meets the original specifications. 

Most of the changes and improvements in margarine have re- 
sulted from the fact that new raw materials have become avail- 
able and new manufacturing methods have developed. In earlier 
days, oleo oil (animal fat) and stearin were used almost exclusively 
and the product was called oleomargarine, but by 1910 vegetable 
oils alone and in combination with animal fats were being used. 
During World War I scarcity of both animal and vegetable oils 
on the domestic market led to importation of coconut oil which is 
bland, easy to hydrogenate, and cheap. Today domestic cotton- 
seed and soybean oils form the base for most margarines. 

Flavor improvement, always a major objective of the marga- 
rine industry, has also contributed to margarine’s new, widespread 
acceptance. Originally the ingredients were churned with sweet 
milk, but after the discovery that butter flavor depends on cer- 


tain lactic-acid-producing bacteria, the margarine manufacturers 
began to use pure cultures of these organisms. Such cultures are 
now commercially grown in laboratories and are distributed to 
butter and margarine producers. 

Margarine now on the market contains not less than 80 per cent 
fat (vegetable and/or animal), refined and mixed usually with 
cultured skim milk and salt or other flavoring. Small amounts of 
various materials such as egg yolk, lecithin, casein, and sugar may 
be used to produce a smooth, stable margarine which will spread 
easily and will foam and brown on heating. Over 99 per cent of 
margarine is Vitamin-A fortified. (The Food and Drug Adminis- 
tration of the Federal Security Agency requires that any fortified 
margarine must have at least 9000 United States Pharmacopceia 
units of Vitamin A per pound.) 

Laboratory experiments at the University of Southern Califor- 
nia are reported to indicate that there is no nutritional difference 
between butter and margarine. Improvements in consistency, 
flavor, and nutritional content of margarine, together with the 
elimination of prejudices, are expected to result in a continuing 
postwar market. 


Reprinted from the Industrial Bulletin of Arthur D, Little, Inc. (April, 1945). 





_ A System of Characterization 
of Pure Hydrocarbons 


Refractometric Analysis as a Key to the Evaluation of Structure 


RAY T. WENDLAND 
Lehigh University, Bethlehem, Pennsylvania 


AN ABSTRACT 


HEMICAL differences among the various types of 

hydrocarbons are rarely suitable for employment 
in a system for identification of compounds based on 
simple characteristic reactions and the preparation of 
derivatives. The fact of the extraordinary variety of 
chemical reactivities exhibited by the hydrocarbons 
complicates the problem of an easy differentiation of 
classes based on generic chemical tests. Extensive ex- 
amination of the physical properties of hydrocarbons, 
particularly of the optical properties, reveals the basis 
for methods of characterization adequate for segregat- 
ing numerous classes and subgroups of compounds. 
The employment of simple chemical tests and a system 
of limiting values for the common physical properties 
served to place an unknown compound in a well-de- 
fined subgroup of compounds. 

The optical property, specific dispersion, has been 
found to be most characteristic of structural differ- 
ences in hydrocarbons involving the question of satu- 
ration, presence of carbon-carbon double bonds and con- 
jugation thereof, or presence of aromatic rings. As 
such, dispersion values have been used extensively in 
the system of characterization described for the investi- 
gation of unknown hydrocarbons. 


INTRODUCTION 


The present undertaking is an attempt to take ad- 
vantage of the established knowledge of the properties 
of hydrocarbons, both physical and chemical, in order 
to develop a workable system for their characterization. 
With particular regard for physical and optical proper- 
ties one will find on examining reliable data that quite 
discrete differences exist between different types of 
hydrocarbons. Thus without performing any chemical 
tests whatever, it is easy to take four compounds of 
approximately equal boiling points—an alkane (par- 
affin), an alkene (mono-olefin), a conjugated alkadiene, 
and an alkyl benzene—and quickly identify the class of 
each one. The physical measurements would involve 
simple refractive index and specific dispersion. 

The basis for the differentiation would be the knowl- 
edge that the values of these optical constants increase 
regularly as one moves from the class of alkanes to the 
alkenes, and from the alkenes to the aromatics. In the 
case of the conjugated alkadienes, these have refractive 
indices greater than the alkenes but less than the aro- 
matics and their specific dispersions are equal to or 


greater than those for the aromatics (excluding naphtha- 
lenes and polynuclears). 

By means of these rather simple principles based on 
the detection of systematic differences in physical and 
optical properties, together with chemical evidence 
easily obtained, a system of characterization has been 
worked out. The use of this system will quickly assign 
an unknown hydrocarbon to a definite class. Within 
the class the compound will fall into a particular sub- 
group (type) as a result of a further differentiation of 
properties, and eventually it will be found within the 
limits of a species comprising a small number of iso- 
mers differing only slightly in molecular weight. 

The final identification of the compound can be done 
in the classical manner by preparing a series of deriva- 
tives. If the reactivities of the compound are not such 
as to provide reliable derivatives, then one may be con- 
fronted with the necessity of making an exhaustive 
study of the physical characteristics to relate the un- 
known to previously evaluated compounds. 

At this stage the professional research worker may 
feel called upon to put into use more advanced tech- 
niques, such as spectrophotometric analysis using ul- 
traviolet, infrared, Raman, or mass spectrometers, and 
the polarimeter for optically active compounds. For 
the present work the author has limited the experi- 
mental techniques required to those ordinarily available 
in the laboratory. When the problem of identification 
requires special means beyond these, chemical discre- 
tion may dictate employment of the instruments men- 
tioned. 

In the recent progress of organic chemistry great ad- 
vances have been made in the evaluation of the physical 
characteristics of compounds and the correlation of 
these with molecular structure. The problem of iden- 


‘ tification of organic compounds has at the same time 
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been greatly facilitated by the possibility of making 
precise measurements of fundamental physical proper- 
ties. We recognize that ultimate proof of structure de- 
pends upon a large amount of chemical evidence. and 
special physical characterizations, together with com- 
plete structural synthesis. Granted this, the employ- 
ment of physical methods for identification of known 
substances has advantages too obvious for debate. 


SPECIFIC DISPERSION 


The more recent significance of optical properties in 
connection with structures of hydrocarbons is based 
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upon earlier precise measurements of refractive index 
at various frequencies. From these, specific disper- 
sions and specific and molecular refractions were calcu- 
lated. For the olefins and aromatics, the increased 
molecular refractions (above the alkanes) were corre- 
lated with structural changes involving the introduc- 
tion of carbon-carbon double bonds and the formation 
of aromatic rings. For these developments greatest 
credit goes to Auwers and Eisenlohr and their cowork- 
ers (2 a-f). More recently Deanesly and Carleton 
(5), Francis (8), von Fuchs (9), Larsen, Thorpe, and 
Armfield (22, 28), Ward and Kurtz (21, 31), and Water- 
man, Van Westen, Vlugter and associates (29, 32 a, b, 
c, and 33) have made important contributions to the 
employment of optical properties in structural charac- 
terization of hydrocarbons. No small part of this prog- 
ress has rested upon the careful synthesis of pure hydro- 
carbons and the exact determination of their physical 
and optical properties. Numerous workers at the 
National Bureau of Standards have gone far toward the 
ultimate determination of properties of specially puri- 
fied hydrocarbons (4, 23). Upon the foundations pro- 
vided by these chemists and many others the present 
system of characterization of hydrocarbons depends. 

Specific dispersion is a derived function based on re- 
fractive index measurements. It is defined by the ex- 
pression, 

nN — Ne 
aeadings tans (1) 
where 7; and m, are the refractive indices of a compound 
at two different wave lengths of light, and d is the den- 
sity. Most dispersion measurements reported recently 
have been based on refractive indices taken for the 
alpha and beta lines of the hydrogen spectrum. Thus 
equation (1) becomes 
S = Bs. (10% (2) 
The factor, 104, is introduced to provide numbers of 
convenient size. Wave length of the hydrogen alpha 
line = 6563 A. U.; beta = 4861 A. U. 

Equation (2) has been used for the calculation of all 
specific dispersion values reported in this paper, it being 
necessary only to find the indices for the alpha and beta 
lines. The Pulfrich and Bausch and Lomb precision 
refractometers employing monochromatic light are the 
preferred instruments for the accurate determination 
of specific dispersion values. Since they are not com- 
mon outside of special research laboratories, the inves- 
tigator will usually find the Abbé refractometer suit- 
able for his purpose. With this instrument dispersion 
data are obtained from the achromatizing ring; these 
in conjunction with the observed mp value are used to 
calculate the quantity (“Hg — “Ha). Grosse and Wack- 
her have described the details of the operation and 
have presented a useful chart which simplifies the cal- 
culations. The difficulty with the Abbé is that it gives 
specific dispersion values which are somewhat low; 
also that it becomes unsuitable for specific dispersions 
much over 260, as the instrument does not properly 
achromatize the refracted line at the high levels. 
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TABLE 1 
VARIATION OF PHYSICAL PROPERTIES WITH STRUCTURES OF HYDROCARBONS 
Specific 
zn disper- 

Compound d (20°) nD sion Reference 
n-Hexane 0.6594 1.3750 98.5 (116) 
n-Hexene-1 0.6788 (15°) 1.3886 121.5 (3) Is, 191 
n-Hexadiene-1,5 0.6899 1.4034 145 28 
n-Hexadiene-2,4 0.7237 (15°) 1.4542 (15°) 232 (3) Iz, 230 
Cyclohexane 0.7781 1.4260 96 (9) 
Cyclohexene 0.8098 1.4465 118 (11b) 
Cyclohexadiene-1,3 0.8404 1.4744 177 (3) Vi, 60 
Benzene 0.8791 1.5014 190 (11b) 
Toluene 0.8669 1.4964 185 (116) 
Ethylbenzene 0.8681 1.4957 175 (11b) 
n-Propylbenzene 0.8618 1.4920 168 (31) 
Styrene 0.9090 1.5463 258 (32a) 
Divinylbenzene 0.934 1.5760 301 (6), 99 
1-Phenylbutadiene-1,3 (0.9333 1.6081) 15° 425 (3) Vi, 248 
1-Pheny]-2-pentene 1.5089) 16° 174 (3) Vi, 238 
Diphenyl (0.9896 1.5882) 77° 268 (15) 
Naphthalene (0.9752 1.5898) 85° 298 (236) 
Tetralin 0.9702 1.5413 173 (23a) 
cis-Decahydronaph- 0.8950 1.4800 95 (9) 

thalene 
Decahydroacenaph- (0.9488 1.4996) 25° 94 (7) II, 284 
thene 


In Table 1 are given data on several classes of hydro- 
carbons. The purpose of this table is to illustrate the 
change in common physical properties associated with 
changes in the structure of the compounds. A variety 
of Cs compounds, including hexane and hexenes and 
benzene and benzene derivatives, is given; this is fol- 
lowed by some of the higher aromatics together with 
their hydrogenation products. 

Such a systematic arrangement shows that refractive 
index and especially specific dispersion are highly signifi- 
cant in the correlation of unsaturation (especially con- 
jugated unsaturation) and aromatic ring formation 
with changes of physical properties. 

A careful examination of Tables 1 through 5 will re- 
veal the following generalizations: 

1. (a) Thedevelopment of unsaturation and formation 
of aromatic rings are accompanied by increases in den- 
sity, refractive index, and especially specific dispersion. 

(b) Normal and branched paraffins, mono-, di-, and 
polycyclic naphthenes, including fused ring structures, 
all have specific dispersions lying close to 100. In fact 
100 appears to be the upper limit of specific dispersion 
for the saturated hydrocarbons regardless of structure, 
most values being slightly under 100. Thorpe and 
Larsen, from extensive calculations, accept 98.4 as the 
fractional contribution due to the aliphatic carbon- 
carbon single bond, and 98.3 as the value due to the 
naphthenic (cyclane) single bond (28). 

(c) The introduction of one double bond raises spe- 
cific dispersion to a value greater than 100. (Value of 
carbon-carbon double bond equals 189 according to 
Thorpe and Larsen.) 

(d) Introduction of a second double bond (not con- 
jugated) increases the value above that for one double 
bond. 

(e) Conjugation of the two double bonds increases 
the value above (d). 

(f) In respect to (c), (d), and (e) for hydrocarbons 

having the same number of carbon atoms, the increase 






(a) 


= 
mn 
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in specific dispersion with introduction of similar diene-2,4 and cyclo-hexadiene-1,3; and 1-phenyl buta- 
double bonds is greater for the acyclic types than for diene-1,3 with naphthalene.) 
the cyclic. (Compare hexene with cyclohexene; hexa- (g) For benzene and the polynuclear aromatics the 


TABLE 2 
PHYSICAL AND OPTICAL PROPERTIES OF SATURATED HYDROCARBONS (ALKANES, CYCLANES, AND DicyCLANEgS) 


Specific Specific 


MP. Density Refractive index (20°) refrac-  dispersiont 


BP. 
Compound* ". (760) (20°/4) VS Hg Nap tion (r)t Cale. Publ. References 


(Alkanes) 

2-Methylbutane —160 27.9 0.6197 (1.35218 1.35827) 13° 1.3539 3 98.3 100 (31) (6) 1 
3-Ethylpentane —-118 93.5 0.6982 .3934 err aed _ (6)2 
2,2,4-Trimethylpentane —107 99.5 0.6919 j .3915 \ 101 100.6 (116) (33) 
3,3-Diethylpentane —40 139 0.7522 .4197 nae eee (6) 5; (31) 
n-Nonane —54 150.7 0.7181 - .4056 98.9 98.2 (116) (33) 9 
2,2,3,4-Tetramethyl-3-ethylpen- 

tane wes 188.1 0.7973 1.4452 re (8) 
n-Dodecane —9.6 216.3 0.7486 .4217 s 98.4 (5a) (5a); (23d) 
6-Methyl-7-ethyldodecane wae 240 0.7769 au 1.4346 ‘ re (6) 11 


(Cyclanes) 

Methylcyclobutane eee 36 0.6931 wane . 3836 “ee ae (6) 108 
Cyclohexane +6.4 80.8 0.7737 . * .4263 es 
Ethylcyclopentane —138 103 0.7632 F i -4203 
1,2-Dimethylcyclohexane(cis) —60 130 0.7963 awe .4361 we 
1-Methyl, 3-butylcyclopentane 170 0.7840 .4321 0 eee eee (6) 113 
d-1-Methyl, 2-isopropylcyclo- 

hexane ‘ 170 0.8297 ‘ tee 4564 0 wee ‘ (6), 118 
Hexylcyclopentane eo 204 0.7903 .4370 +oe eee (6) 114 
3-Ethyl, 3-cyclohexylhexane ae 114-6 0.8547 Pree .4754 0 eae “ss (6) 123 


(Dicyclanes) 

l-Fenchane 152 0.8345 ‘eas .4471 0.321 —=«t«j. (7) II, 239 
[1,1,3-trimethyl(1,2,2) bicyclo- 

heptane] 
cis-Decalin 0.8950 .4800 0 (7) IT, 250 
Cyclopentylcyclohexylmethane 0.8721 (23°) en 1.4671 (23°) 0.318  ... (7) II, 202 
2-Methyl decahydronaphthalene 

(cis and trans) 0.892 mes .481 0.319 ‘ eee (7) II, 253 

Dicyclohexyl 0.8846 énnen cunwt 4796 0.320 ee a (7) II, 204 


(Tricyclanes) 
Decahydroacenaphthene eat 235 0.9488 (25°) seees ‘ 1.4996 (25°) 0.310... (7) I, 284 


* Compounds listed here are those designated by corresponding letters in Table 6. 


nti—1 1 
mae 7 where » = Nap. 
t The calculated values are based on the indices listed H, and Hg. The published values are taken from the literature sources indicated. 


Tt By formula r = 


TABLE 3 


PHYSICAL AND OPTICAL PROPERTIES OF UNSATURATED HyDROCARBONS* 
Specific 
MiP. BP. Density Refractive index (20°) dispersion 
Compound "é. (760) (20°) Hy H B Nap Cale. Publ. References 


(Alkenes) 

Pentene-1 ea 30.1 0.6429 1.3696 1.3777 .3714 126 % (7) I, 175 
3-Me,2-ethylbutene-1 rag f 89 0.7186 eae .4120 ius eed (13) 24 
3-Methylheptene-1 - 111 0.7109 “we .4063 ene ‘ (6) 24 
3-Me-2-t-butylpentene-1 146 0.767 weae .4306 “a : (6) 35 
3,7-Dimethyloctene-1 154 0.7321 .4176 ji (6) 32 
3,4,4-Trimethyl-2-t-butyl- 

pentene-1 184 0.7967 F ‘ -4460 - (6) 39 


‘ 


(Alkadienes, nonconjugated) 7 
Pentadiene-1,4 26. 0.672 . 3880 173 (2a)... (6) 47 
(b) 3-Me-hexadiene-2,5 92 0.7318 -4270 “e ° (6) 50 
(c) 4-Me-heptadiene-1,5 ‘sa 110 0.7284 -4213 on “és (6) 51 
(d) 2,6-Dimethylheptadiene-1,5 140 0.7750 .4470 re (6) 53 
(e) 4-Propylheptadiene-1,5 156 0.7501 -4310 €a . (6) 55 
2,6,7-Trimethyloctadiene-2,6 182 0.810 -4608 “0 Pe (6) 57 
(g) 4-Ethylundecadiene-1,10 217 0.7840 -4435 “aes (6) 58 
(A) 3,8-Diethyldecadiene-3,7 104 (10 m.) 0.8080 -4593 ake ‘ (6) 58 


(Cyclenes, bicyclenes, and terpenes) 
(a) 1-Methylcyclobutene-1 37-9 0.7075 -4034 “en eee (6) 141 
(b) Cyclohexene 83.6 0.8098 1.44369 1.45326 -4465 118 117 (116) (7) 11, 324 
(18) 
4-Methylcyclohexene-1 2 104-5 0.8000 (1.44138 1.45069) 17.6° 1.4423 (18°) 116 116 (28) (7) II, 328 
3-Propylcyclohexene-1 155 0.8240 (19°) .4564 (19°) Per wae (7) 11 335 
dl-Limonene (dipentene) 175 0.8402 (1.47134 1.48231 .47443) 20.8° 130.5 ee (7) I1, 378 


(Conjugated alkadienes) 
2-Methylbutadiene-1,3 — 146 34 0.6806 1.4154 1.4301 me #) 216 223 (28) (32c) 
Hexadiene-2,4 “es 82 0.7237 (1.4496 1.4665 .4542) 15° 232 (116) (3) 12, 230 
2-Methylheptadiene-3,5 eit eee 0.7623 (1.4489 1.4640 -4530) 15.5° 206 (31) (3) Is, 236 


3,6-Dimethylheptadiene-2,4 rey 144 0.7853 eanee “ives -46335 coe 
4,8-Dimethylnonadiene-3,5 ane 165 0.7817 sees ondés 1.4632 eee 


te et et et 


* Precautions similar to those described in Table 4 should be observed when handling olefins, 





5 


JOURNAL OF CHEMICAL EDUCATION 


TABLE 4 
PHYSICAL AND OPTICAL PROPERTIES OF CONJUGATED CYCLODIENES* 


M.P., B.P. Density Refractive index (20°) 


Specific dispersion 
°C. (760) (20°) He Hg Nap Publ. 


Cale. References 


Compound 
(Double bonds are located within the ring) 
Cyclopentadiene ati 41 
Cyclohexadiene-1,3 eve 81 
Cycloheptadiene-1,3 ase 121 
1,4-Dimethylcyclohexadiene-1,3 136 
1,5-Dimethylcyclohexadiene-1,3 127 
1-Methyl,4- ethylcyclohexadiene-1, 3 sets 161 
1- Methyl, 4-isopropylcy 1 1,3 eee 176 
1,3-Dimethylcyclohexadiene-1,3 136 
1,2-Dimethylcyclohexadiene-2,6 135 
1-Methy1,4-isopropylcyclohexadiene-2,6 174 


(Double bond in side chain is conjugated 
with ring)t 
1-Ethenylcyclopentene-1 
1-Methy1,2-isopropenylcyclopentene-1 
1-Propenylcyclopentene-1 
1-Ethenylcyclohexene-1 
i-Methy1,3-methylenecyclohexene-1 


162 
177 
185 
183 
168 


(2e) 
(3) Vi, 60 
(7) II, 425 


1.4462) 16.3° 
1.4744 
1.5006) 17.6° 
1.4792) 16.3° 
1.4721) 19.7° 
1.4841) 15.6° 183 
1.4794) 18.9° 177 
1.4860) 16.2° 187 
1.4895 
1.4770) 22° 


164 (31) 


185 (31) 
192 (28) 
170 (28) 
182 (28) 
168, 177 (28) 


0.8037 
0.8404 
0.8679 (17.6°) 
0.8358 (16.3°) 
0.8229 (19.7°) 
0.8408 (15.6°) 
0.8353 
0.8395 (16.2°) 
0.8521 


(1.4422 

1.4703 
(1.4960 
(1.4755 
(1.4683 
(1.4800 
(1.4753 
(1.4817 


(26, 28) 
(7) II, 411; (28) 


(26, 28 
(26); (7), II, 417 





sae eee (12) 
0.8426 (22°) (1.4733 153 (2f); (7) II, 421 


(7) II, 366 
(7) II, 367 
(7) II, 366 
(7) II, 370 
(7) II, 370 


4870 (18°) 
1.4892 

1.4865 (21°) 
as 4881) 16° 1.4906 
1.4873 


114 
155-7 
142 
145 
136 


0.824 (18°) 
0.8515 
0.835 
0.870 
0.838 


161 
191 


(1.4642 
(1.4827 1.4987) 17° 


* All polyunsaturated compounds are likely to undergo polymerization or oxidation in air, and therefore should be protected with inhibitors during tests. 
+ Side-chain double bond may migrate into the ring under various conditions. See Horning (13). 


TABLE 5 
PHYSICAL AND OPTICAL PROPERTIES OF AROMATIC HyDROCARBONS 


B. P. Refractive index (20°) 
(760) Nap 


Specific dispersion 


Density pe prone 
Ss \ 


(20°) 


M. P., 

Compound mC. References 
(Alkyl benzenes) 

Benzene 

Toluene 

Ethylbenzene 

p-Xylene 

1-Pheny1,3-methylbutane 

1,2,3-Trimethylbenzene 

Mesitylene 

1,2,3,4-Tetramethylbenzene 


189.3 
184.9 
174.7 
181.9 


190.2 (11b) 
185 (31) 
175.7 (9) 

183 (31) 


-50144 
-49640 

-4957 

4957 

4835 

-5107 

-49804) 17.1° 
.52013 


- 58822) 77° 
57683 


1.49663 
1.49178 
1.49151 
1.49141 


0.8791 
0.8669 
0.8681 
0.8616 
0.8550 
0.8951 
0.8646 (17.1°) 
0.9053 


80.1 
111.0 
136 
138 
197.9 
176 
165 
205 


254.9 
260 


(15) VII, 38 
(110) 

(110) 

(116) 

(6) 78 

coe (6) 75 

179 (31) = (45) VII, 47 
173.6 (9) (23a) 


268 (9) 
203 (28) 


177 
173.4 


268 
202 


(1.49403 
1.51563 


(1.58112 
1.57145 


(15) VII, 56 
(15) VII, 59 


sa el cell cool cell oS cell ll ol 


Diphenyl 0.9896 (77°) 
1.006 


Diphenylmethane 


(Alkenyl benzenes) 
Styrene 
3-Phenyl-1-propene 156-59 
1-Phenyl-2-pentene ow 98 (19 m.) 
o-Methylstyrene ee 160 
1-Phenylcyclohexene ee 250 0.987 
Indene 181 0.997 (16.1°) 
o-Divinylbenzene 78.5 (11 _m.) 0.934 


0.9090 
0.8812 
0.8884 (16.2°) 
0.911 


145 


specific dispersion values become progressively higher. 
The increase above the olefins varies with the number 
and mode of attachment of the rings. In the following 
series of compounds the order of increasing specific dis- 
persion is: hexene-1, benzene, diphenylmethane, di- 
phenyl, naphthalene, phenanthrene. 

(hk) The addition of aliphatic side chains to the aro- 
matic rings decreases specific dispersion of the parent 
compound, the decrease varying with increase in molec- 
ular weight. (Compare ethylbenzene and benzene.) 

(i) The presence of double bonds in the side chain of 
an aromatic hydrocarbon increases specific dispersion 
above that of the corresponding alkyl aromatic. The 
increase is notably greater if the double bond is conju- 
gated with the ring. (See styrene and 1-phenylbutadiene 
in Table 1.) 

With respect to specific refraction as calculated by the 
Lorentz-Lorenz formula 

s§=—1.1 
~m@+2'd 
it will be seen that certain trends are characteristic of 
the saturated hydrocarbons. These are: 


(28) (32) 

(6) 98 

(3) Vi, 238 
(2b) 296 
(3) Vi, 251 
(3) Vi, 248 
(6) 99 


5463 

- 5042 

5089) 16.2° 
5451 

572) 14.7° 

-5739) 16.1° 
. 5760 


264 258 


251 (28) 
(28) 
(28) 
(28) 


-5199 
-5650) 13.2° 
. 5873 


et et et 
a e 


2. (a) Specific refractions for the cyclanes are definitely 
lower than for the alkanes of corresponding molecular 
weight and boiling point. 

(b) Practically all the alkanes have values above 
0.335, while the cyclanes are below 0.335, except for one 
or two of very low boiling point (see Table 2). 

(c) With increase in the number of saturated rings, 
the specific refractions become progressively lower. For 
instance, perhydrophenanthrene < perhydronaphtha- 
lene (decalin) < cyclohexane (5 0). 

That the specific refractions for the cyclanes of corre- 
sponding type formulas are not constant is obvious from 
the data of Table 2. This mistaken assumption has 
sometimes been made, and has then resulted in confu- 
sion where analytical studies are involved. 

The foregoing correlations of optical properties of 
hydrocarbons provide the basis for a systematic dif- 
ferentiation of structural classes of compounds when 
the problem of identification of unknowns arises. 


SPECIFIC DISPERSION AND COLOR PHENOMENA 


It has been shown that structural changes in a mole- 
cule resulting in increased optical dispersion are corre- 





January, 1946 


lated with increased light absorption in the region of the 
spectrum approaching the visible range. Structural 
factors bringing about increased dispersion will even- 
tually induce absorption in the visible range of the spec- 
trum, with resulting production of color. For instance, 
continued increase in the degree of conjugated unsatu- 
ration will ultimately lead to the formation of a colored 
compound. As an example, 1,4-diphenylbutane is 
colorless, but 1,4-diphenylbutadiene-1,3 is yellowish 
colored and has a specific dispersion of 497 (28, 10 a, 
b). 

With the introduction into the benzene ring of the 
more effective chromophore groups, such as the nitro 
and azo, absorption occurs promptly in the visible 
range, and colored compounds result. The production 
of dyes from the aromatic hydrocarbons, and especially 
from the polycyclics of high optical dispersion, then fol- 
lows as a logical consequence of the principles. 

Numerous aliphatic hydrocarbons of biological impor- 
tance are likewise colored as a result of a very high 
degree of conjugated unsaturation. Lycopene, and the 
alpha, beta, and gamma carotenes, each with eleven 
conjugated double bonds are, as we would now expect, 
highly colored compounds, usually reddish. Vitamin 
A, derived from the carotenes but with a lesser degree 
of unsaturation (five conjugated double bonds), is col- 
ored only a pale yellow as a result of the fact that light 
absorption has just entered the blue region from the ul- 
traviolet. 

These remarks are made to emphasize that in the ex- 
amination of an unknown hydrocarbon, the observance 
of color has important structural implications. Imme- 
diately one will suspect that the compound has multiple 
conjugated unsaturation of the aliphatic type, or it isa 
polycyclic aromatic (perhaps with unsaturated side 
chains). 


THE PROBLEM OF IDENTIFICATION OF PURE HYDROCAR- 
. 
BONS 


The fact that there is an extraordinary variety of 
chemical reactivities exhibited by the hydrocarbons 
makes difficult the use of simple generic chemical tests 
for segregating definite classes of hydrocarbons. Ex- 
amination of such standard works as the original Mulli- 
ken system, ‘Identification of Pure Organic Com- 
pounds,” Shriner and Fuson (27), Huntress-Mulliken 
(14 a), and others, will show that a comprehensive at- 
tack on the characterization and identification of hydro- 
carbons has barely been made. The problem has been 
largely neglected except for recent work done principally 
in the petroleum laboratories. 

The academic schemes of organic qualitative analysis 
have failed to make any significant use of optical prop- 
erties of compounds except for refractive index. Never- 
theless, progress in hydrocarbon characterizations must 
of necessity depend heavily upon these. 

It should be emphasized at the outset that thé objec- 
tive of this work was to furnish a characterization of hy- 
drocarbons by methods which would at first place an 
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unknown into a definite class of compounds, after which 
continued segregation would place the unknown within 
the limits of a species comprising a small number of 
isomers or related compounds differing only slightly in 
molecular weight. Only in a few cases has the method 
resulted in the complete identification of an unknown. 
(See Table 9: in Class III, Division A, Section 1— 
Styrene; in Class IV, Division A, Section 1—Benzene; 
and in Class IV, Division C, Section 1—the two methyl 
naphthalenes are identified by melting point alone.) 
Otherwise, the result is to find, for instance, that an un- 
known turns out to be a cyclohexane with two or three 
carbons in the side-chain substituents. 

Therefore in the present system the problem of com- 
plete identification of an unknown hydrocarbon has 
been left for future treatment. However, once an un- 
known has been closely characterized, it is frequently 
possible to prepare simple derivatives and advance a 
step farther in the direction of identification. Where 
such procedures are possible they have been indicated 
in the system. 

These preliminary considerations have necessarily led 
to the adoption of practical limitations, in order to 
make the proposed system workable. These limitations 
and restrictions are listed in order. 

1. Purity. Only hydrocarbons of reasonable purity 
have been considered. This limitation is common to all 
systems of characterization of organic compounds. 
Complex mixtures necessarily require special methods 
for their resolution into pure components, but this 
problem is beyond the scope of this paper. Compounds 
of sulfur, nitrogen, halogens, etc., may he excluded on 
the basis of simple elemental analysis, oxygen com- 
pounds on the basis of prescribed generic tests, the re- 
sults of which will be negative [see Huntress-Mulliken, 
(14 a) compounds of Order I]. The lower-boiling oxy- 
gen compounds can usually be detected by such tests 
even though they be present in relatively small amounts 
with the hydrocarbon. The higher-boiling, less reactive 
members would probably fail to respond, but if their 
presence were suspected, the fact would have to be es- 
tablished on the basis of a quantitative analysis for car- 
bon and hydrogen. When the carbon and hydrogen 
content is less than 100 per cent, the inferred oxygen 
content can be used to estimate the amount of contam- 
inant in the hydrocarbon. For instance, if lauryl alco- 
hol (Ci2H20, b. p. = 255°C.) were mixed with the hydro- 
carbon CisHg: (see point 2 below) and the oxygen con- 
tent were 1 per cent, the amount of alcohol present 
would be 10 per cent. If the components are less 
saturated or aromatic, the per cent of oxygen will be 
larger, and hence more readily ascertained. 

Thus a combination of analysis plus judicious ap- 
plication of well-described chemical tests will establish 
the hydrocarbon nature of an unknown. 

2. Physical Property Limits. The system embraces 
only liquid hydrocarbons boiling between 30° and 
250°C., containing at the most fifteen carbon atoms per 
molecule. 





3. Limits on Structural Classes. The system em- 
braces practically all the common structural classes of 
hydrocarbons. Those excluded, with remarks concern- 
ing their properties which aid in characterization, are 
the following: 

(a) Alkynes (acetylenes): These can usually be char- 
acterized without difficulty by their special reactivities, 
and the fact that they only appear as a result of special 
reactions. With respect to the physical properties it is 
worth noting that the triple bond alone does not cause 
as high a specific dispersion as the double bond. The 
specific dispersion values are, however, always over 100. 
The densities and boiling points of the acetylenes are 
higher than the corresponding alkenes. 

(b) Dicyclenes: Considered as derivatives of dicyclo- 
hexyl, all of these are found in the boiling range above 
200°C. Densities are usually greater than 0.88 and 
n° values greater than 1.48. 

(c) Trienes and polyenes: If conjugated, these are 
characterized by extremely high specific dispersions 
and frequently color. Compare heptatriene-1,3,5, 
[(3), Iz, page 244], specific dispersion = 388. The reac- 
tivities of these are such that they frequently polymer- 
ize or oxidize on exposure to air, similar to the ‘drying 
oils,” distinguished from the nondrying by their high 
degree of unsaturation. 

(d) Bi- and tricyclanes in which none of the rings is 
six-membered: These are unusual types not frequently 
encountered except by deliberate synthesis. 

These limitations and restrictions have been estab- 
lished as a matter of expediency. With regard to the 
future treatment of compounds outside the limits of the 
physical properties prescribed here, this problem hardly 
requires more than a refinement in experimental tech- 
niques—namely, the determination of optical proper- 
ties at higher temperatures. In many cases this has al- 
ready been done at or above the melting point of the 
hydrocarbon, e. g., with naphthalene (Table 1). The 
inclusion of the melting point of a compound is, of 
course, an aid to identification. For compounds boiling 
above 250°C. increasing complexity of structure must 
be anticipated; however, the characterization of such 
unknowns by segregation into discrete classes and sub- 
groups can still be done within the framework of the 
proposed system. 

Finally, it should be said that a major difficulty in the 
employment of measurable properties for characteriza- 
tions is that of finding thoroughly reliable data on the 
common physical and optical properties of hydrocar- 
bons. This will be apparent in any critical examination 
of the literature. Progress has been made recently in 
the theoretical calculation of specific dispersion (28), 
and refractive index, n’S, and density (8). Such calcu- 
lations have been a great aid in judging the reliability of 
recorded values as they occur in the scattered literature 
on hydrocarbons. 

Special care has been used in the search for data on 
specific dispersions and refractivities to find those 
which are most nearly in accord with the principles of a 
universal refractometric pattern. That the reliable 
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data on hand now are only sufficient for the framework 
of such a scheme is obvious. 

With practical consideration of all these factors the 
“System for Characterization of Hydrocarbons” has 
been evolved. 


CONSTRUCTION OF THE SYSTEM FOR CHARACTERIZATION 
OF PURE HYDROCARBONS 


Four principal classes of hydrocarbons have been 
recognized. They are the following: 

I. Saturated hydrocarbons of all structures includ- 
ing both aliphatic and alicyclic types. 

II. Unsaturated hydrocarbons in which the unsat- 
uration may occur either in aliphatic chains or in rings, 
but such compounds never coritain aromatic rings. 
The class includes di-olefins, and these may be either 
conjugated or nonconjugated. 

III. Aromatic hydrocarbons carrying unsaturated 
side chains, such as styrene. This class also includes 
indene and its derivatives. The class could readily be 
projected to include diphenyl and naphthalene deriva- 
tives having unsaturated side chains, except that such 
compounds have boiling points above the limit pre- 
scribed (250°C.) and hence are not treated in the pres- 
ent system. Consequently the class is limited to the 
alkenyl- and alkadienyl-benzenes. 

IV. Aromatics in which all side chains are saturated. 
The prescribed limits permit the inclusion of the 
methyl-naphthalenes, otherwise the class is limited to 
the alkyl- and cyclohexyl-benzenes, hydrindenes, etc. 

The differentiation of compounds within each class is 
made on the basis of structural types, for instance in the 
case of Class I, saturated hydrocarbons, the types rec- 
ognized are the alkanes, cyclanes, di- and bi- and tri- 
cyclanes. (See Table 6.) A further subdivision is 
accomplished for each type by sectioning according to 
boiling range. The boiling ranges employed throughout 
the whole system are: (1) from about room tempera- 
ture to 100°C., (2) 100 to 150°, (3) 150 to 200°, and 
(4) 200 to 250°. 

Within the boiling ranges designated, for each type 
“upper” and “‘lower’’ limits have been discovered for 
the properties, density and refractive index, (2°), and 
for the calculated function, specific refraction (7). In 
the case of the saturated compounds, when a given 
compound in a section has been found to have the mini- 
mum density and refractive index (in comparison with 
all other known members of the section), it will simul- 
taneously be found to have the maximum specific re- 
fraction. For a compound with maximum density and 
refractive index, its specific refraction will be the mini- 
mum for the section. 

Thus throughout Table 6 these “‘key’’ compounds 
possessing maximum and minimum properties have 
been listed. Before each given set of properties is a 
small letter (a), (0), etc. Each letter serves to identify 
the compound described by reference to Table 2, which 
contains data on the properties of the saturated hydro- 
carbons which are significant in the system of classifica- 
tion. Thus, in part 2 of Table 6, under cyclanes we find 
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that compound (d), having ‘‘upper limit” properties for 
its section is 1,2-dimethylcyclohexane, this individual 
being fully described in Table 2. 

Tables 7 and 8 have been constructed in a similar 
manner. In Table 7 are classified the properties of all 
the unsaturated compounds, including aromatics with 
unsaturated side chains. Table 7 thus embraces the 
two classes described above, namely II and III. Table 
8 classifies the propérties of the alkyl derivatives of 
benzene, tetrahydronaphthalene, and naphthalene. 
In each case the compound for which the maximum or 
minimum properties are listed can be identified by its 
appended letter which designates its place in the earlier 
tables. 

Tables 6, 7, and 8 contain the heading, ‘‘Limits of 
Molecular Species.’”” Here are included all the com- 
pounds common to the particular section for which the 
“upper” and ‘‘lower’’ limits have been defined by the 
“key” compounds. In other words, when a compound 
has the combination of properties which would place it 
in one of these classified sections, then it is inevitable 
that the unknown must be identical with one of the 
members included in the molecular species. 

By this method of classification of properties of hy- 
drocarbons employing ‘‘upper’’ and “‘lower’’ limits of siz- 
nificant physical properties, it becomes possible to work 
out a system of characterization which, by repeated seg- 
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regation of possible structures for an unknown, finally 
places it within the ‘‘Limits of a Molecular Species” 
embracing a small number of isomers or compounds 
differing only slightly in molecular weight. 

The characterization finally has been supplemented 
by simple chemical tests. These are largely confirma- 
tory, reinforcing the conclusions drawn from the physi- 
caldata. The tests are for unsaturation of the aliphatic 
type, and include the usual Baeyer (permanganate) and 
the bromine addition tests. The limits of operation of 
these tests must be recognized, including the low reac- 
tivity of tetra-substituted ethenes, and the possibility 
that substitution of hydrogen by bromine may be con- 
fused with true addition to a double bond. In doubtful 
cases the procedures of Mulliken and Huntress [(24) p. 
118)] should be followed. These employ instead of bro- 
mine itself a mixture of potassium bromide and bromate 
to which sulfuric acid is added, thus generating bromine 
in the presence of the hydrocarbon. The quantitative 
test for bromine addition is particularly valuable in es- 
tablishing the number of double bonds present in an 
olefin (once the previous characterization has indicated 
the approximate molecular weight). 

In addition, maleic anhydride has been employed ex- 
tensively for characterization where olefins with conju- 
gated unsaturation are involved. The cyclic acid anhy- 
drides formed are in many cases excellent derivatives 


TABLE 6 
CLASSIFICATION OF PROPERTIES OF SATURATED HYDROCARBONS 





Lower Limits* 


Boiling 
d (20/4) ° ne 


range, °C. r® d (20/4) 


Upper Limiis® 


r* : Limits of molecular species 


1, ALKANES (See Table 2) 


0.6982 
0.7522 
0.7973 


.3539 : () 
3915 re (d) 
.4056 : f) 


27-100 
100-150 
150-200 


t(a) 0.6197 
(c) 0.6919 
(e) 0.7181 


(g) 0.7486 0.7769 


200-250 -4217 x (h) 


1.3934 
1.4197 
1.4452 


1.4346 


Pentanes; all the heptanes 

Octanes, nonanes, and a few branched decanes 

n-Nonane, decanes, all the undecanes, a few branched 
dodecanes 

Dodecanes, all the tetradecanes except the normal; a 
few branched pentadecanes 


0.342 
0.336 
0.334 


0.336 


2. cYCLANES (See Table 2) 


38-100 (a) 0.6931 ; : (6) 0.7737 


(c) 0.7632 : a (d) 0.7963 


(f) 0.8297 


100-150 


150-200 (e) 0.7840 


200-250 {g) 0.7903 (A) 0.8547 


1.4263 
1.4361 
1.4564 
1.4754 


Methyleyclobutane, 7-carbon cyclobutanes, cyclo- 
pentanes and cyclohexane 

Ethylcyclopentane, 9-carbon cyclopentanes, and 8-carbon 
cyclohexanes 

Some 9-carbon cyclohexanes, 
pentanes and -hexanes 

A variety of 11, 12, 13, and 14-carbon cyclopentanes and 


hexanes included in this range’ 


0.333 
0.328 
0.327 10 and 11-carbon cyclo- 


0.329 


3. DI AND BICYCLANES (BI = fused Rings) 
Only common derivatives of cyclohexane listed, including perhydro terpenes. 


Less than 150, none present 
150-200 (a) 0.8345 
200-250 (c) 0.8721 


0.321 
0.318 


(6) 0.8950 
(d) 0.892 


-4471 
-4671 


1.4800 
1.481 


“Saturated”” (perhydro) terpenes occupy lower range, 
CioHis; very few dicyclohexyls with alkyl substituents 
of more than one carbon have boiling points below 
250°. Likewise the only dicyclohexylalkane included 
is dicyclohexylmethane. One to three carbon-alkyl- 
hydrindanes and decalins occupy the boiling region 
close to 250° 


0.318 
0.319 


4, TRICYCLANES 


Endocyclic structures excluded; 
Less than 200, none present 
200-250 (2) 0.9488 1.4996 0.310 
250-300 Densities are usually well above 0.900 
ns are in excess of 1.480 


limits include only those compounds having at least two six-membered rings. 


Decahydroacenaphthene only common member. 

Many of the tricyclic hydrocarbons have melting points 
above 25° and are therefore excluded; the boiling points 
are usually above 250° 


* The physical characteristics of this class are such that of two ‘compounds, the one having the lower density and refractive index will have the higher 
specific refraction. This explains the contrast in r values under the heading of Upper and Lower Limits. 

+t The letters preceding the physical constants [thus (a), (6), etc.] refer to the compounds listed in the corresponding sections of Table 2, These com- 
prise the ‘‘key’’ compounds required for the system of characterization for ‘‘Class I Compounds” in Table 9. 
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which may serve for final identification of the unknown. 
However, complications may be encountered, especially 
in the case of terpenes and aromatics with unsaturated 
side chains. The investigator will therefore use discre- 
tion in using this reagent when the latter are suspected 
from the physical data. The extensive review of the 
subject by Norton (25) should be consulted concerning 
the nature of the reaction of maleic anhydride with 
various hydrocarbons and the properties of the adducts. 

The completed system of characterization is presented 
in Table 9. Included here also are notes concerning the 
preparation of derivatives where these are advantage- 
ous. In this respect special attention is drawn to the 
reaction of selective hydrogenation whereby complex 
aromatics with unsaturated side chains can be reduced 
to alkyl aromatics, or even to alicyclics. From these 
more easily characterized reduction products, one can 
frequently adduce evidence concerning the structural 
make-up of the original olefin (1). Beyond these stages, 
the problem of identification of the unknown depends on 
the application of well-known principles by the ingeni- 
ous chemist. 


JourRNAL or CHEMICAL Epucation 


PROCEDURE FOR EXAMINING UNKNOWN HYDROCARBONS 
In this Section the standard reference for experi- 

mental procedures is the ‘Identification of Organic 

Compounds” (27). Page references are given. 

After it has been established that the unknown is a 
hydrocarbon, for practical reasons it is important to 
know whether the compound is olefinic or not. If it 
has a specific dispersion over 100 and decolorizes bro- 
mine solutions readily without evolution of HBr (pp. 
36-39), olefinic unsaturation may be assumed present. 
This merely dictates precautions in the purification and 
subsequent examination of the compound—with due 
regard for the fact that its reactivity may lead to struc- 
tural alterations (isomerization, oxidation, etc.) during 
manipulations. For example, after purification an ole- 


fin should be examined without delay to determine its | 


physical and optical constants. 

1. If the hydrocarbon is olefinic by the above tests 
and has a boiling point much over 100°C.., purification 
should be by distillation under reduced pressure. Sat- 
urated compounds may be distilled at normal pressure. 
With the purification by distillation should go the de- 


TABLE 7 


CLASSIFICATION OF PROPERTIES OF UNSATURATED HyDROCARBONS 





-——————Lower Limits* 


Boiling 
d (20/4) no Specific dispersion 


Range, °C. d (20/4) 


Upper Limiis*— 


Specific dispersion Limits of molecular species 


1, ALKENES (Mono-olefins) (See Table 3) 


123 (28) (b) 0.7186 
Heptene-1 
119 (28) 
Octene-1 
116 (28) 
Decene-1 
Boiling points of most 114f 

alkenes above do- 

decenes are usually 

taken at reduced 

pressure 


30-100 (a) 0.6429 1.3714 


100-150 (c) 0.7109 1.4063 (d) 0.767 


150-200 (e) 0.7321 1.4176 (f) 0.7967 


200-250 0.815T 


1.4120 
1.4306 
1.4460 
1.46T ll 


134 (28) Pentenes through the heptenes 

Pentene-2 

124 (28) 

2-Propyl-1-pentene 

120 (31) 

4-Propylheptene-3 
6T 


Octenes, nonenes, some decenes 
Decenes, undecenes and some dodecenes 


Upper limit includes a few branched pentadecenes 


2. ALKADIENES (Nonconjugated) (See Table 3) 


145 (31) (b) 0.7313 
2-Methylhexa- 


diene-1,5 


27-100 (a) 0.672 


140 (31) (d) 0.7750 
2,6-Dimethyl- 
heptadiene-x,x 
135 (31) 
2,6-Dimethyl- 
octadiene-x,x 
125 (31) 


100-150 0.7284 


0.7501 (f) 0.8100 


150-200 


(h) 0.8080 


200-250 0.7840 


1.4270 


1.4470 


1.4608 


1.4593 128 


171t Pentadienes through the heptadienes 

Calculated for 
pentadiene from 
(28) 

143 (31) 

2,6-Dimethyl- 
heptadiene-1,x 

140 (31) 

2,6-Dimethyl- 
octadiene-x,y 


Octa- and nonadienes 


Deca- and undecadienes, a few dodecadienes 


Dodecadienes through most of the tetradecadienes 


3. CYCLENES, TERPENES, AND BICYCLENES (See Table 3) 


37-100 0.7075 118 (6) 0.8098 


115 (28) 0.821 
2,4,4-Trimethyl- 
cyclohexene 


100-150 0.8000 


pp. 337-42 
115 (28) 0.87 
Pinene 
About 0.88 1.48 110 
Limits are difficult to set in this range 
because of uncertain data. Homologues 
of octalin have m, > 1.485 


150-200 (d) 0.8240 1.4564 


200-250 


1.4465 
1.458 
A variety of trimethylcyclohexenes have 

values approaching these limits. (7) II, 


1.4814 


120 (7) II Cyclobutenes, methylcyclopentenes, cyclohexene 
Cyclopentene 


120 (28) Methyl to trimethylcyclohexenes, a few ethyl- 


methyl cyclohexenes; no terpenes 


CioHis and CioHis terpenes; 3 to 5-carbon sub- 
stituted cyclohexenes; isomeric octalins 

6-Carbon substituted cyclohexenes and above, aud 
bicyclenes derived from octalin 


About 129 
Sabinene (28) 


4. CONJUGATE ALKADIENES (See Table 3) 


202 (31) (b) 0.7237 
2,3-Dimethyl! 
butadiene-1,3 
197 (31) 
7-Methy! octa- 
diene-2,4 


150-200! oaee see 165] 


34-100 (a) 0.6806 1.4260 


1.4530 (d) 0.7853 


100-150 (c) 0.7323 


(e) 0.7817 


1.4542 243 
(15°) Pentadiene-1,3 


1.46335 226 (31) 


1.4632 


Pentadienes, hexadienes, and a few heptadienes 


Heptadienes, octadienes, and most nonadienes 
2-Methyl hexa- 

diene-2,4 
Upper limit, dodecadienes 





’ 
persic 
chara 
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5. CONJUGATE CYCLODIENES (See Table 4) 


Characteristics of this group include: densities, more than 0.80; Na, more than 1.44, and less than 1.50; specific dispersion, more than 150 and 
less than 200. 


6. ALKENES DERIVED FROM BENZENE (See Table 5) 


(Alkenyl Benzenes with but One Double Bond in the Side Chain) 
Less than ea 8s van (a) 0.9090 1.5463 264 Styrene is only member 
150 


150-200 (b) 0.8812 1.5042 (c) 174 (d) 0.911 1.5451 251 9 and 10 carbon-benzenes and a few with 11 
carbons 
200-250 Alkenylb of lecular weight oute coun 200 or higher Pentenyl benzenes and higher, i. ¢., with formulas 
sufficient to boil in this range are usually CsHs(CnHen-1) 
characterized at lower temperature 





7. DI- OR BICYCLIC COMPOUNDS WITH ONE BENZENE RING, OTHER RING UNSATURATED (See Table 5) 
(Specific examples are cited because of infrequent occurrence) 
Less than None present 
150 


150-200 
Indene 0.997 1.573 (3) Vi, 248 (f) er Indene, methyl and ethyl indenes only common 
1-Methyl- 0.9682 1.5591 (3) Vi, 520 eae members of group 
indene 
2-Methyl- 0.9897 1.5757 (3) Vi, 250 
indene 
200-250 
1,2-Dihydro- 0.9977 1.583 (3) Vi, 249 waite Methyl derivative of these naphthalenes represent 
naphthalene upper limit. Indenes with 3 carbon alkyl sub- 
1,4-Dihydro- 0.9928 1.555 (3) Vi, 249 awe stituents included 
naphthalene 
1-Phenyl- 0.987 1.573 (3) Vi, 258 (e) 
cyclohexene 


8. ALKADIENYL BENZENES 
Benzenes with A one side chain having conjugate unsaturation, or B two side chains each having one double bond conjugated with the ring. 


These are recognized on the basis of 
Unsaturation and high reactivity tending to polymerize when unprotected in air or in presence of peroxides. 
High refractive index (m3?) approximating 1.60. 
High specific dispersion—300 or more with probable yellowish coloration at levels above 400. 
For compounds of Group A, reaction with maleic anhydride forming well-characterized addition products (25). 
Distillation advisable only at reduced pressure, hence normal boiling points are rarely given. 
Boiling points (760 mm.) of all members are above 150. 
Compare following with compounds in previous sections: 


d (20/4) ny Specific Dispersion 
1-Phenylbutadiene-1,3 0.93 1.605 425 (Table 1) 
1-Phenyl-1,3 pentadiene (0.938 1.6111) 13° 376 (19) 
1-Phenyl-6-methyl-1,3 heptadiene 0.9508 1.5854 363 (19) 
o-Divinylbenzene 0.934 1.576 301 (28, 6) 


* In the above listing of properties, within each group the compound exhibiting the lowest density and refractive index frequently has a specific dis- 
persion near the maximum for the group. Hence it is necessary to include data on two different compounds to show simultaneously minimum or maximum 
characteristics. Under the figure given for specific dispersion the compound is named and its reference is given. Otherwise, the letters in parentheses pre- 
ceding the constants refer to the “‘key”’ compounds listed in Tables 3 and 5. 

t Probable limits for this class. 

t Note that this is the only diene in this class with dispersion greater than 150. 

@ Probable upper limit of terpenes. See (3) Vi, 43-88, and (7) II, 374-84, 417-22. Octalins have nj) > 1.48. 

ll Special reactivities of this class of compounds usually precludes high-temperature treatment. Boiling points should be taken at reduced pressures, 
Reported data frequently in poor agreement. 

{ The dispersion value of 165 was calculated by formula of Thorpe and Larsen (28) for an undecadiene. Chain branching may lower value to not less 
than 150. 


TABLE 8 


CLASSIFICATION OF PROPERTIES OF AROMATIC HYDROCARBONS WITH SATURATED SIDE CHAINS 





Boiling Lower Limits S Upper Limits. , 
Range, °C. d (20/4) ne Specific dispersion d (20/4) ny Specific dispersion Limits of molécular species 


1. ALKYLBENZENES (See Table 5) 


Below 100 See ae ; 0.8791 1.5014 189 (a) Benzene is only member 

100-150 (0.8616 1.4957) 176 (0.8811 1.5055) 185 Toluene, ethylbenzene, and xylenes are only 
Xylene (d) Ethylbenzene (cy o-Xylene Toluene (5) members 
150-200 (0.8550 1.4835) 160 (0.8950 1.5107) 179 Benzene derivatives with 3-5 carbons in side 
t-Amylbenzene (i) 1-Me-4-t-butyl- 1,2,3-Trimethylbenzene (f) 1,3,5-Trimethyl- chains. Cs benzenes boil at 180° or above 
benzene (31) benzene (g) 

200-250 bax aah 156 0.905 1.520 About 174 (h) 1,2,3,4-Tetramethylbenzene is only Cs benzene 
1-Me-2-propyl-4- in group. Many Cs benzenes boil close to 
i-propylbenzene 200°. Remainder are derivatives with 6-8 

: (31) carbons in side chains 

Densities of compounds in this range vary from about 0.855 to 0.90. 7S varies from 1.48 
to 1.51 


2. 1,2,3,4-TETRAHYDRONAPHTHALENES (See Table 1) 
Below 200 No members 


200-250 Only members are tetralin, and the methyl- and ethyl-tetrahydronaphthalenes. Densities vary from about 0.949 to 0.973. n>’s vary from 
about 1.534 to 1.544. Specific dispersions vary from 160 to 170. 
3. ALKYLNAPHTHALENES (See Table 1) 


Below 200 No members PR 


200-250 Methylnaphthalenes are only members, naphthalene excluded because of high melting point. ‘Dp ’s are 1.60 or higher and specific dispersions 
are 290 to 300. 





Crass I. 


Members: 


Boiling range, 
° 


Section 1 
27-100 


Section 2 


INDEX SYSTEM FOR CHARACTERIZATION OF HYDROCARBONS 
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COMPOUNDS HAVING SPECIFIC DISPERSION OF 100 OR LESS, UNREACTIVE TO BROMINE BXCEPT BY SUBSTITUTION. 


All Saturated Hydrocarbons. 


d (20/4) 


Less than 0.6982 
More than 0.6931 


Less than 1. 
More than 1. 


- ae 
"D 


3934 
3836 


r 


More than 0.342 
Less than 0.338 


Type of compound 


Alkane 
Cyclane 


Less than 0.7522 
More than 0.7632 


100-150 More than 1.4197 


More than 1.4203 


More than 0.336 
Less than 0.322 


Alkane 


Cyclane 

Section 3 
150-200 Less than 0.7973 Less than 1.4452 More than 0.332 

Between 0.7840 and 0.8297 Between 1.4321 and 1.4564 Between 


More than 0.8345 More than 1.4471 


Alkane 

0.327 and 0.320 Cyclane 
Less than 0.321 Di- or bicyclane 

Section 4 ¢ 

200-250 


Less than 0.7769 Less than 1.4346 


Section 5 
250-300 


‘Crass IT. 


DISPERSION GREATER THAN 100; REFRACTIVE INDEX, 2%, LESS THAN 1.500. 


Between 0.7903 and 0.8547 
More than 0.8720 
(0.9488 


(1) More than 0.9100 


Between 1.4370 and 1.4754 
More than 1.4670 


1 


-4996) 25° 


More than 1.480 


More than 0.335 


Between 0.329 and 0.331 


Less than 0.320 
0.310 


Less than 0.320 


Alkane 

Cyclane 

Di- dr bicyclane 

Preceding types absent. Decahydro- 
acenaphthene is only common 
tricyclane in this range 


Tricyclanes 


UNSATURATED HYDROCARBONS, GENERALLY REACTIVE TO BROMINE BY ADDITION AND TO PERMANGANATE (BAEYER’S TEST); SPECIFIC 


Division A. Specific dispersion less than 150.* 
Members: Alkenes, Nonconjugated Alkadienes, Cyclenes, Terpenes Without Conjugated Unsaturation. and Bicyclenes. (Aromatics with Un- 


saturated Side Chains Are Excluded by the Upper Limits on Specific Dispersion and Refractive Index.) 


Boiling range, 
Os 
‘Section 1 
30-100 


Section 2 
100-150 


Section 3 
150-200 


Specific dispersion 


Less than 121 
123 to 134 
More than 145 


Less than 121 
119 to 124 
140 to 143 


116 to 120 
115 to 130 


135 to 140 


0 


0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 


d (20/4) 


7075 to 0.8098 
6429 to 0.7186 
672 to 0.7313 


8000 to 0.8210 
7109 to 0.767 
7284 to 0.7750 


7321 to 0.7967 
8240 to 0.870 


-7501 to 0.8100 


ny 


-4034 to 1.4465 
.8714 to 1.4120 
-8880 to 1.4270 


-4423 to 1.4580 
-4063 to 1.4306 
-4213 to 1.4470 


-4176 to 1.4460 
-4564 to 1.481 


-4310 to 1.4608 


Type of compound 


Cyclene 
Alkene 
Alkadiene 


Cyclene (no terpenes included) 
Alkene 
Alkadiene 


Alkehe 

Cyclene or terpene or an octahydro- 
naphthalene (octalin) 

Alkadiene 


‘Section 4T 
200-250 114 to 116 


110 + 2 


Less than 0.815 
More than 0.880 


Less than 1.460 
More than 1.480 


Alkene 
Bicyclene, methyl- or higher alkyl of 
octalin, or substituted cyclohexene 


with 6 or more alkyl carbons 
0.7840 to 0.8080 1.4435 to 1.4593 Alkadiene 


Division B. Specific dispersion greater than 150 and less than 245. Compounds characterized by reaction with maleic anhydride, -benzo- 
quinone, naphthoquinone, etc., to form crystalline addition products.t 
Members: Conjugated Alkadienes and Cyclodienes, Including Those Terpenes Having Conjugated Unsaturation. 


(3) 125 to 128 


Boiling range, 

adhe Oo Specific dispersion d (20/4) Type of compound 
‘Section 1 

34-100 (1) More than 200 


(2) Less than 186 


Less than 0.7300 


Conjugated alkadiene 
More than 0.800 


Cyclopenta- or hexadiene 

‘Section 2 
100-150 (1) More than 195 
(2) Lessthan 191 


Less than 0.790 
More than 0.820 


Conjugated alkadiene 
Conjugated cyclodiene 
‘Section 3 

150-200 (1) Some terpenes included here. See Division A above, Section 3, part (2). 


Further differentiation of alkadienes from cyclodienes is readily accomplished by noting that densities and 2%? values of cyclodienes are substantially 
higher than for the corresponding aliphatics. See Table 4. For most of the cyclodienes, m7) values are above 1.475, while the upper limit of the alkadiene 
is probably not over 1.466. Likewise in accordance with Rule 1 (f), page 4, the specific dispersions of the cyclodienes are lower. 


Crass III, UNSATURATED HYDROCARBONS, GENERALLY REACTIVE TO BROMINE BY ADDITION AND TO PERMANGANATE (BAEYER’S TEST).* SPECIFIC 
DISPERSION GREATER THAN 150; REFRACTIVE INDEX GREATER THAN 1.50. 


Division A. Specific dispersion not greater than 265. Compounds unreactive to maleic anhydride, except occasionally to form ill-defined products 
(25). , 
Members: Alkenyl Benzenes with but One Double Bond in Side Chains, and Di- or Bicyclic Compounds with One Ring Unsaturated. 
Boiling range, 
de Ole d (20/4) ny Specific Dispersion Type of compound 
Section 1 


Less than 150 


Section 2 
150-200 


For values 0.9090 1.5463 264 Compound is styrene (only member) 


(1) Less than 0.915 Less than 1.549 Less than 255 Benzene type with not more than 5 
carbons in side chain substituents 
Di- or bicyclic, with one ring un- 
saturated, probably indene de- 


rivative 


(2) Between 0.96 and 1.00 Between 1.55 and 1.58 More than 200 
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Section 3 


200-250 (1) Above 0.97 


(2) Above 0.97 Above 1.55 


(3) Less than 0.97, otherwise approximating (2) 
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(a) Di- or bicyclic, and double bond 
is conjugated with benzene ring. 
Dimethyl-, ethyl-, and propyl- 
indenes included; likewise 1,2- 
dihydronaphthalene and its 
methyl derivatives 

(b) Compound is of the type in (a) 
except unsaturation is not conju- 
gated with ring (indenes excluded) 

(c) Compound is an alkenyl benzene; 
for higher dispersion it is likely to 
have a side-chain double bond 
conjugated with ring 


Less than 200 


Division B. Specific dispersion greater than 265 and refractive index approximating 1.60. 


Section 1. 


Members: Alkadienylbenzenes Having Conjugate Unsaturation in the Side Chain. 


derivatives Can Be Excluded Because They Boil Above 250°. 
Distillation is not usually practicable because of polymerization. 


Compounds reactive to maleic anhydride usually forming well-characterized derivatives (25). 


If Boiling Point (760 Mm.) Can Be Ascertained, Naphthalene 


Further characterization as to structural type should in cases of doubt involve selective hydrogenation of the side chain to form corresponding 


alkylbenzenes. See Table 5. 


Section 2. 


Bromine addition products are frequently good derivatives. 
Compounds not reactive to maleic anhydride, except occasionally to form ill-defined products. 


Members: Dialkenylbenzenes, That Is, Benzenes with Two Alkenyl Side Chains, Each of Which Has Double Bond Conjugated with Ring. 


Distillation not usually practicable. 


Further characterization should be as in Section 1, that is, conversion to corresponding alkylbenzenes, and formation of Bromine addition 
products; likewise oxidation to benzene dicarboxylic acids gives reliable derivatives. 


Crass IV. AROMATIC HYDROCARBONS. 


COMPOUNDS UNREACTIVE TO BROMINE EXCEPT BY SUBSTITUTION; NO REACTION WITH MALEIC ANHYDRIDE; 


REFRACTIVE INDEX (79) GREATER THAN 1.48; SPECIFIC DISPERSION GREATER THAN 150. 


Division A. Compounds with refractive index values between 1.48 and 1.52; specific dispersions lie between 150 and 190; densities range from 


0.855 to 0.910. 
Members: Alkylbenzenes, All Side Chains Saturated.|| 


Boiling Range, 
1G. d (20/4) nip 
Section 1 
Below 100 
Section 2 
100-150 
Section 3 
150-200 
Section 4 
200-250 


Division B. 


For values 0.8791 1.50144 


Further specification unnecessary 
Same as Section 2 


Same as Section 2 


Section 1 
150-200 
(No lower 

boiling 
members) 

Section 2 
200-250 


Further specification unnecessary 


Same 


Specific dispersion Type of compound 





189 Comp lis (only member) 
Toluene, ethylbenzene, or xylenes 
3-5 carbon substituted benzene 


6-8 carbon substituted benzene 


Compounds with refractive index values between 1.53 and 1.55; specific dispersions between 160 and 180, and densities from 0.94 to 0.98. 
Members: 1,2,3,4-Tetrahydronaphthalenes, and Hydrindenes (Indanes). é 


Compound is hydrindene or methyl- 
hydrindene 


Tetraliz or methyl or ethy! tetralins 


Division C. Compounds with refractive index of 1.60 or higher, specific dispersions between 280 and 300. 


Section 1 
200-250 
(No lower 

boiling 
members) 


Further specification unnecessary 


Compound is a methyl naphthalene 
(naphthalene itself excluded be- 
cause of high melting point) 


* Pentadiene-1,4 is included in this class (Section 1), but is the only diene present with dispersion more than 150 (= 171). 
+ In Section 4, Class II, groups (1) and (3) are not well differentiated from each other. Doubtful cases may readily be clarified by running a quantita- 


tive unsaturation test, i. e., by bromine number determination (24). 
dienes. 


t These diene adducts frequently serve as good derivatives to aid in final identification of the unknown hydrocarbon. 


Norton (25). 


@ Reactions for the preparation of derivatives of the members of Class III will readily suggest themselves. 
The di- or tetrabromides likewise in many cases are crystallizable solids suitable for final 


anhydride, the adduct formed is frequently a good derivative. 
identification. 


A reaction not to be neglected is that of conversion of these unsaturates to alkyl benzenes by selective catalytic hydrogenation. 
The reaction may be made to yield, first, the alkylbenzene, and, finally, the cyclane. 


kins, (1).] 


The same should be applied generally for conclusive differentiation of mono-enes from 


For structures and references see 


Of those compound easily reactive to maleic 


[See especially At- 
The physical properties of these, including boiling points 


obtainable at atmospheric pressure, will effectively contribute to a knowledge of the original. 
If the hydrogenation product appears to be a monoalky! benzene, the acetamino or diacetamino derivatives will serve for final identification (16). 
| For compounds where the preparation of derivatives is possible and desirable other reference sources for identification of compounds should be con- 


sulted (14a, 27) and others. 
(16). 


termination of the compound’s boiling point (pp. 90-94). 

2. The determination of density (20°C.) may be 
made by any of several standard methods, e. g., by 
use of the Westphal balance, pycnometers, etc. (p. 99). 

3. The index of refraction and specific dispersion 
should be carefully determined. The Bausch and Lomb 
precision refractometer is much preferred for this'study; 
otherwise the Pulfrich or Abbé should be used (p. 105). 
The Abbé has been very serviceable in most cases, but 


The problem of identifying aromatics by appropriate derivatives is naturally simpler than for types of less predictable reactivity 
Good derivatives for the monoalkylbenzenes are the sulfonamides prepared by use of chlorosulfonic acid (140). 


when employed for this purpose, it is important to note 
that this instrument usually gives specific dispersion 
values which are low by one or more units. This diffi- 
culty may be circumvented by making empirical cor- 
rections by the following method: a series of specially 
purified standard hydrocarbons should be examined 
and their specific dispersions determined. These ex- 
perimental values should then be compared with the 
“‘best”’ values in the literature, and the corresponding 
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corrections obtained. These corrections are accord- 
ingly plotted against the experimental specific disper- 
sions. The plot will then be suitable for determining cor- 
rections to be applied to unknown compounds. 

The special hydrocarbons to be used for the above 
purpose may be obtained from the National Bureau of 
Standards, with their certified physical constants. Two 
of these are toluene and methylcyclohexane. Special 
high purity toluene is available from a number of sources 
(Eastman, Mallinckrodt, Merck) and, as such, is suit- 
able for the practical purpose described. From it by 
catalytic hydrogenation (Raney nickel at elevated tem- 
perature or Adams platinum catalyst) a high-grade 
methylcyclohexane can be derived. A third test com- 
pound, styrene, is available in a purity of more than 99 
per cent as a result of wartime rubber synthesis (Kop- 
pers Company, Dow Chemical, Monsanto, Philips 
Petroleum). Distillation under reduced pressure will 
eliminate the inhibitor and yield the desired product. 

The data on certified high-purity toluene and methyl- 
cyclohexane (National Bureau of Standards) are listed 
below. 


Specific 
dispersion 


REFRACTIVE INDEX (20°) 
d(20°) He Hg Nay 


Toluene 0.86696 1.49243 1.50847 1.49643 185.0 

Methylcyclohexane 0.76939 1.42094 1.42847 1.42313 97.8 

Styrene See Table 5; the specific dispersion of 264 for styrene 
is believed to be correct within 3 units. 


4. If the specific dispersion is 100 or less (unsatura- 
tion absent), the specific refraction should be calculated 
by the formula: 

n?—1 1 


~m+2 a 

5. Ifthe unknown proves to be unsaturated, and also 
has a specific dispersion greater than 150, there is a pos- 
sibility that conjugated double bonds are present. In 
this event maleic anhydride should be used in an at- 
tempt to bring about the “diene synthesis.” In this 
test the hydrocarbon in excess and the maleic anhydride 
are weighed in a chilled pyrex tube which is then sealed. 
Reaction is conveniently brought about by immersion 
in boiling water for 3 to 5 hours. If the hydrocarbon is 
high boiling, it may be dissolved in benzene; the maleic 
anhydride is added, and the whole refluxed for 5 to 10 
hours. Following the period of heating, the simplest 
test for reaction is to evacuate the volatile excess 
hydrocarbon and examine the residue for an increase 
in weight. If the residue is a crystalline material, its 
melting point should be determined, as a derivative 
may have been formed suitable for final identification 
of the unknown. Ifaresinous material has been formed 
of indefinite melting point, a reaction will have taken 
place, but this will not be a Diels-Alder product; ac- 
cordingly the hydrocarbon did not contain conjugated 
double bonds. See Norton [(25) p. 459] for formation of 
polymers from various hydrocarbons such as styrene. 

With the performance of these tests and collection of 
the data on physical properties, all the requirements 
have been satisfied for use of Table 9. To illustrate the 
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process of obtaining the characterization of an unknown 
hydrocarbon, the following examples are cited: 
1. A compound has the following properties: 


B.P. 165° d(20°) = 0.8646 


my = 1.4980 Specific dispersion = 177 


It is unreactive to KMnQOu,, and toward bromine has a 
tendency to evolve HBr. 

Reference to Table 9 shows that the compound can- 
not belong to Classes I, II, or III, but falls properly into 
Class IV. With refractive index between 1.48 and 
1.52 it belongs in Division A and Section 3 (b. p. = 
150 to 200°). The table indicates that the compound is 
a substituted benzene with 3 to 5 carbons in the side 
chains. As an aromatic it is also included in Table 8 
as an alkyl benzene. Here the heading “Limits of 
Molecular Species” indicates that Cs benzenes boil at 
180° or above; since the unknown boils at 165°, it is 
further limited to one containing either 3 or 4 carbons 
in the side chains. The compound actually is Mesity- 
lene, Table 5 (1,3,5-trimethylbenzene). 

2. Acompound has the following properties: 


176° d(20°) = 0.8353 
1.479 Specific dispersion = 177 


B. P. 


20 
Np —- 


It is unsaturated and reacts with maleic anhydride to 
give a crystalline addition product with melting point 
126-27°. 

Reference to Table 9 shows that the compound must 
belong to Class II, Division B, because of specific dis- 
persion more than 150 and reactivity with maleic anhy- 
dride; the boiling point places it in Section 3. ° A ter- 
pene-type compound should be suspected from the in- 
formation provided. Furthermore, since the n> is 
above the critical value stated, namely 1.475, the alka- 
dienes are ruled out; hence, the unknown is judged to 
be a conjugated cyclodiene. 

For further characterization, the compound was sub- 
mitted to catalytic hydrogenation under pressure 
with Raney nickel (1). The new product was found to 
have the following properties: 


IBP: 168 
d(20°) 0.7962 
n> 1.4375 


Since the dispersion value is less than 100, the com- 
pound must be saturated, and this was confirmed by 
the permanganate test. 

Reference to Table 9 shows that the compound must 
be a member of Class I. The properties place it in 
Section 3, subgroup 2. The critical factor involved here 
is the specific refraction which, although not exactly 
conforming with the limits of the table, can be used 
with judgment in connection with the other properties 
to rule out subgroup 1. The compound is therefore 
judged to be a cyclane (di- or bicyclanes are obviously ex- 
cluded). Reference now to Table 6 (Classification of 
Properties of Saturated Hydrocarbons) shows that the 
compound is probably a 9- or 10-carbon cyclohexane, 


9 
0.328 


Specific dispersion 
Specific refraction 
(calc.) 





January, 1946 


since its boiling point is in the lower part of the 150—200° 
range. The results from the characterization thus far 
indicate the unknown to be a conjugated cyclohexadiene, 
which upon hydrogenation is converted to a cyclohexane 
containing 3 or 4carbonsin the side chains. The maleic 
anhydride reaction provided a derivative suitable for 
investigation toward final identification. 

Actually the original unknown was alpha phellan- 
drene (1-methyl, 4-isopropyl cyclohexadiene-2,6). The 
transformations may be summarized thus: 


Me 
| 


Me 


2H2 
rs 
Ni catalyst 


H CMe; 
1-methyl-4-isopropyl 


HCMe, 
a-phellandrene 


maleic 
anhydride 


| cyclohexane 


See Norton [(25) p. 406) ]. 


m. p. 126-27° 


The success of the above system of characterization 
in leading to the highly significant structures approxi- 
mating the actual unknown is thus obvious. In this 
example no attempt was made to track down properties 
of compounds suggested by the characterization, in 
order further to limit the number of probable struc- 
tures for the unknown. This would have been the next 
logical step, and for the purpose such standard refer- 
ences as Egloff (7), Doss (6), and Huntress-Mulliken 
(14a) would be suitable. The chances of final identifica- 
tion would be good in this case because of the formation 
of the characteristic derivative. 


SUMMARY 


The systematic classification of physical and optical 
properties of hydrocarbons and the employment of 
simple chemical tests have led to a system of character- 
ization that is novel and highly practical in a rapid in- 
vestigation of unknown hydrocarbons., The properties 
called for are readily determined. By means of the 
system an unknown can be rapidly assigned to a spe- 
cific class and finally placed into a small group of closely 
related compounds. A further comparison of properties 
and the preparation of derivatives where possible will 
usually provide strong presumptive evidence for the 
true structure of an unknown against a limited variety 
of less likely structures. The success of the system in 
providing close characterizations can readily be appre- 
ciated when various hydrocarbons are chosen at ran- 
dom from the literature and their properties differen- 
tiated according to the system. In all cases examined 
the compounds have fallen into their proper places. 
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HAROLD HAUSMAN 


HE recent advances in the knowledge and applica- 

tions of the silicon polymers make it worth while 
to outline the chemistry of these compounds in a more 
systematic manner. To help preserve uniformity in 
the literature of these substances, the nomenclature 
used follows, as far as possible, that proposed by Sauer 
(1). 

This review is far from complete—especially as re- 
gards patents, only a few of which are mentioned—and 
some of the matter discussed is still controversial. 
Nevertheless, it is hoped that a clear picture is repre- 
sented of their behavior as well as of the possibilities 
of obtaining oily, vitreous, plastic, and other polymeric 
substances with properties generally intermediate be- 
tween those of inorganic and organic materials, and 
that further interest will be stimulated in this new— 
and old—field. 

For the organic compounds of silicon have been 
known for more than one hundred years, many of them 
having been prepared with the expectation that they 
would be analogous to those of carbon. It was found, 
however, that silicon differs from carbon in at least one 
important respect—namely, the great strength of the 
silicon-to-oxygen bond as compared to the linkages of 
silicon and other elements. This is manifested in the 
tendency of these two elements to form alternate links 
of silicon and oxygen atoms in linear or cyclic structures. 
Thus, it has not been possible to build long-chain com- 
pounds having many silicon atoms joined to one an- 
other as in the case of carbon; chains having more 
than five consecutive silicon atoms are highly unstable 
and most readily subject to hydrolysis. 
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This fact is of the greatest importance in dealing with 
the silicon organics. 


SILANES AND NON-CARBON DERIVATIVES 


Silanes (Hydrides). If the two oxygens in silica are re- 
placed by four hydrogens, we have the first of a group 
of noninorganic silicons which can be used as starting 
materials in further syntheses. These are the silanes, 
or saturated hydrides, having the general formula: 
Si,Hon+2. They are analogous in structure to the 
alkanes or paraffin hydrocarbons. 

The silanes are colorless gases, soluble in alcohol, 
benzene, and carbon tetrachloride. They ignite ex- 
plosively when exposed to air (oxygen) even at low 
temperatures. Although practically insoluble in water 
contained in a quartz vessel, they are rapidly attacked 
by alkali—even by the small amount of alkali leached 
out by water from ordinary glass. For these reasons 
special apparatus had to be devised for their isolation 
and study (2). 

As usually prepared—by the action of acid on mag- 
nesium silicide—the silanes are part of a mixture of hy- 
drides formed in the reaction, ‘‘unsaturated,’”’ non- 
volatile hydrides being obtained as well. The latter 
have formulas varying from SiH, to (SiHi.s), and 
are yellow to brown amorphous substances, unaf- 
fected by water, insoluble in organic solvents, and are 
converted into silicates by alkalies with the evolution 
of hydrogen. These can also be prepared by the action 
of sodium amalgam on SiH;Cl, SiH2Cle, and SiHC1;: 
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The Wurtz reaction, therefore, cannot be applied in the 
case of the silane halides containing hydrogen (3). 

A better yield of the saturated hydrides has been ob- 
tained by allowing magnesium silicide to drop into a 
liquid ammonia solution of ammonium bromide, giving 
a mixture of gases consisting of hydrogen, SiH, (silane), 
and SigHg (disilane), as well as small amounts of SisHs 
(trisilane) (4). 

Silane Halides. The hydrogens in the silanes can 
be replaced by halogens, giving halides of the types: 
H;SiX, H2SiX,, HSiX;, and SiX,y. They can be pre- 
pared by direct halogenation of the hydrides, but the 
reaction is too violent even at room temperature. A 
smoother reaction is obtained by using gaseous HX in 
the presence of AIX; as a catalyst. As in the case of 
carbon compounds, a mixture of various halides re- 
sults. They can also be obtained by the action of 
higher silanes on chloroform or carbon tetrachloride in 
a vacuum, using AIX; as catalyst (5). 

These halogenated products are colorless gases or 
liquids which are stable in a vacuum, but very sensitive 
to water, fuming in air. Hydrolysis of the halides 
gives a number of oxygen derivatives which, together 
with others, will be considered separately. 

The halides also react readily with ammonia, giving 
volatile and nonvolatile polymers of their respective 
“amines: [SiH2(NH)],, [Si(NH)e],, [SiH(N)],, and 
[SisNa]n- These ammonia derivatives, unlike their 
carbon analogs, do not add HX to form ammonium 
salts (6). 


SILANES AND CARBON DERIVATIVES 


Organic Silanes. The organic silane derivatives are 
obtained by replacement of the hydrogens in the silanes 
by organic (carbon) groups, their properties depending 
on the type of carbon group introduced. 

The aliphatic silane derivatives are colorless oils, 
stable in air and unreactive toward acids or alkalies. 
They may be prepared by the method of Friedel and 
Crafts (7) 


2ZnR2 + Six, oe SiR, + 2ZnXe 
or by the Wurtz reaction (8): 
4RBr + 8Na + SiX, — SiR, + 4NaX + 4NaBr 


These derivatives may be chlorinated on the organic 
groups, and the resulting products can, then enter into 
other reactions, as with metal alcoholates: 


R;SiC;.H; + Xe — R;SiC,H«X ot HX 
R;SiC,.H.X + NaOR’ == R;SiC.H,OR’ + NaX 


The aromatic silanes are prepared by similar methods, 
their properties, however, differing markedly from 
those of the aliphatic. They are usually crystalline 
compounds with relatively high melting points and can 
be distilled without decomposition. Thus, tetraphenyl- 
silane is formed in colorless, tetragonal crystals melting 
at 233°C. and boiling undecomposed at 530°C. _It is 
stable to hydrogen under pressure, being scarcely af- 
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fected after 200 hours at 75 atm. and 400°C. (at higher 
temperatures condensation begins to take place) (9). 
The aromatic groups may be sulfonated and nitrated, 
but the phenyl-silicon bond is broken by PCI; or bro- 
mine. 

By use of the Grignard reagent, or by the Wurtz 
reaction, mixed aliphatic-aromatic silanes have been 
obtained (10): 

(CeHs)3SiCl + CH;MgBr — (CoHs)3SiCH; + BrMgCl 
CH;—CH: Cl 

ok si 
H:—CH, Cl 


+ 2CH;MgBr > 


/ou—CH: Ch 
CH; si 


\cu.—CH: 


+ 2BrMgCl 
CH; 


Organic disilanes have been prepared by the action 
of organo-zinc compounds on disilane halides (11) 


SiIg + 3Zn(C2Hs)2 — (C2Hs)sSiSi(C2Hs)3 + 3ZnI2 


or by condensation of organic monosilanes by means of 
hydrogen under pressure (9) 


2Si(C2Hs)4 + He — (C2Hs)sSiSi(C2Hs)s + 2C2He 


or by condensation of monosilane halides with sodium 
2(CeHs)sSiCl + 2Na — (CeHs)sSiSi(CeHs)s + 2NaCl 


The existence of unsaturated organic silanes—or, 
for that matter, of any divalent silicon compounds— 
is still in doubt, although silicon monoxide (12), silicon 
monosulfide (13), and “‘unsaturated”’ hydrides and de- 
rivatives have been reported in the literature. These, if 
formed, would be expected to be very reactive and tend 
to reach the more stable four-valent state. Kipping, 
who has done extensive work on organic silicon com- 
pounds for many years, has reported that a vitreous 
product, for example, readily soluble in most solvents 
except the alcohols, has been obtained by the action of 
sodium on dichloro-phenyl-ethyl-silane: 


CeHs C.Hs CeHs 


| 
2| Cl—Si—Cl 


C,H, 


+ 4Na — Si Si + 4NaCl 


CH; C:Hs 
The compound thus formed then polymerizes to the 
glassy substance. A similar behavior is exhibited by 
the compound (C2Hs5)2Si==Si (C2Hs5)2 (14). 

Organic Silane Halides. The halogen derivatives 
of the organic silanes may be prepared by direct halo- 
genation or by means of the Grignard reagent (15): 

R;SiH + X2— R;SiX + HX 
RSiCl; + R’/MgBr — RSiClk + BrMgCl 
RR 
A more direct method employs the reaction of silicon 


with alkyl or aryl halides with or without the use of 
catalysts (copper for alkyl and silver for aryl) (17) 


Si + 2RX — R2SiX: 
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the by-products in this case being RSiX3, RsSiX, R,Si, 
and SiX,. 

More recent methods make use of unsaturated car- 
bon hydrides or carbon monoxide (16): 


CH.=CH: + Six, ~ XCH:—CH2—SiX; 
CH=CH + SiX, ~ XCH=CH—SiX; 
CO + SiX, + O=—C—SiX; 

x 


Fluorine derivatives have been obtained by action 
of zinc fluoride on organic chlorosilanes, or by HF on the 
appropriate ‘‘acids”’ or ‘‘ketones”’ (18): 

2RSiCl; + 3ZnF2, — 2RSiF; + 3ZnCl: 
R.SiCl. a ZnF, —> R.SiF2 a ZnCl, 
(RSiOOH)» + HF — RSiF; 

(R2SiO) n + HF —> R.SiF2 


These halogen derivatives are usually colorless, oily 
liquids that fume in air, being hydrolyzed to oxygen 
compounds. The resistance of the series (C:Hs),- 
SiFy, and (CsH;),SiFs, to hydrolysis was found to 
rise rapidly with an increase in the number of organic 
groups. 

Advantage has been taken of the sensitivity of the 
lower organic (alkyl) halide derivatives to water in 
making ceramic insulators water-repellent. In one 
of these processes (19) the material is exposed to the 
vapors of a mixture of methyl chlorosilanes until a 
thin film, having a thickness of about 10 X 10~* cm., 
deposits on the surface, the dimensions of any holes or 
borings in the insulators thus remaining practically un- 
affected. This treatment, besides making the articles 
‘ water-repellent, also imparts a high electrical leakage 
resistance. The mechanism of the process is believed 
to be the reaction of the halide with the moisture present 
on the surface of the treated material, evolving HCl, 
and leaving a coating of organic molecules (20) : 


RR 


Another variation of this process makes use of these 
liquids by coating the articles to be treated with their 
solutions in chlorinated solvents (21). 

An “unsaturated” halogen derivative has been re- 
ported (22) of the formula (SiCl),, obtained by the 
cracking of SijoCl2 or Si:,ClooHe at atmospheric pressure 
and 300°C. It is an amorphous product, yellow in the 
cold and orange-red when heated, this color change be- 
ing reversible from 180 to 200°C. The authors be- 
lieve this to be a high polymer with unsaturated link- 
ages: 

—Si=Si—Si=Si—Si=SiSi=Si— 
by dy dy by by by dy by 
This polymer is readily hydrolyzed by moisture to 
polyhydroxy derivatives (SiOH),. It is insoluble in 
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benzene, alcohol, ether, CCh, or SiC. It burns readily 
to SiOz, but is stable to oxygen up to 98°C. Silver 
nitrate is easily reduced by it. With nitric acid it forms 
a very unstable product. It reacts with bromine (and 
more slowly with chlorine) to give silicon and halogeno- 
silanes: 


(SiCl)n + Bre — Si + SiCl.Br_, (x = 0 to 4) 


The tendency of these organic silane halides to con- 
dense and to polymerize, and the complexity of the re- 
sulting products, is illustrated by the action of sodium 
on diphenyl-dichloro-silane, five (sometimes more) dif- 
ferent products being formed (23): 

(2) An “unsaturated’’ compound, insoluble in the 
common solvents at room temperature, but soluble in 
aniline, phenol, and benzyl alcohol. The Si—Si bond 
is not disrupted by alkalies or by nitrobenzene. It adds 
iodine according to the proposed scheme: 


r Ph Ph Ph ; i " Ph 
i a ts wk all +s i hs sa ik ia 
Ph Ph Ph Ph Ph Ph Ph Ph 


(0) A saturated, cyclic compound, formed in rhom- 
boidal prisms, melting at 400°C., and becoming plastic 
at this temperature. It does not add iodine and is 
slowly attacked by alkalies. It is soluble in cold ben- 
zene and chloroform, but not in acetone, ether, or al- 
cohol. The following structure has been assigned to 
this compound: 


Ph Ph 
ph—di-di—Ph 
pr—ti-i—Ph 

Ph Ph 


(c) A highly insoluble material, crystallizing from 
benzene in six-sided pyramids. It does not absorb 
iodine. 

(d) A highly insoluble amorphous powder of un- 


known structure. 
(e) A gummy material of unknown structure. 


OXYGEN COMPOUNDS 


As has been mentioned previously, the chief differ- 
ence between the carbon and silicon organics lies in the 
great strength of the silicon-to-oxygen bond as com- 
pared to the linkages of both carbon and silicon for the 
other elements. The organic oxygen derivatives of 
silicon, therefore, bear only a superficial resemblance to 
those of carbon. 

Silanols (‘Alcohols’). Wydrolysis of the three 
types of organic silane halides generally gives three 
corresponding hydroxy derivatives (24): 

(a) Silanols: R,;SiX + HOH *R,SiOH + HX 
(b) Silanediols: R2SiX: + 2HOH — R.Si(OH), + 2HX 
(c) Silanetriols: RSiX; + 3HOH — RSi(OH); + 3HX | 


The properties of these compounds are modified by 
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eadily § the character of the organic group. The tri-alphyl 
Silver § silanols are colorless, very stable liquids, not decom- 
forms ff posed by water. Many of them have camphor-like 





The tri-aryl silanols are stable crystalline sub- 
The 





odors. 
stances, usually quite soluble in organic solvents. 
silanols react much like their carbon analogs: 


> (and 
eno- 







2R;SiOH + 2Na— 2R;SiONa + H; 









) con- RsSiONa + CO: RsSiO—C—ONa 
1€ re- I 
dium . i. ° 
) dif. 2R:SiOH + P.O; —> R:SiOSiRs + 2HPOs 

The aliphatic silanediols, R2Si(OH)2, however, are 
' the unstable and condense spontaneously, with loss of 
le in water, to give oxides or ‘‘ketones’”’ which exist only as 
bond polymers. This condensation can take place in dif- 
adds Ff ferent directions, as illustrated in the case of dipheny]l- 





silanediol, a mixture of liquid, resinous, and crystalline 
polymers being obtained, from which Kipping (25) 
isolated the following compounds, presumably formed 
as indicated: 














ug ie 
19) (a) 2(Ph)sSi(OH)» HO—Si—O—Si—OH 
Ph Ph 





(tetraphenyldisiloxane-1,2-diol) 


Ph Ph Ph 
—2HOH | 
HO—Si—O—Si—O—Si—OH 
Ph Ph Ph 
(hexaphenyltrisiloxane-1,3-diol) 










(b) 3(Ph)2Si(OH): 

















Ph Ph 
ye 
—3HOH Si— Ph 
() 3(Ph)sSi(OH)s o¢ si¢ 
Si— Ph 
fs 
om Ph Ph 
arb (hexaphenylcyclotrisiloxane) 
—3HOH 























in- (¢) 4(Ph)2Si(OH)2 

A i Ls ry 
HO—Si—O—Si—O—Si—-O—Si—--OH 

Ph Ph Ph Ph 
(octaphenyl-tetrasiloxane-1,4-diol) 

™ Ph Ph Ph Ph 

WA é 

he —4HOH | Si—O—Si 

n- © 4(Ph):Si(OH), j yo 

"" Si——_O——Si 

: ha Lr 

ol Ph Ph Ph Ph 

to (octaphenylcyclotetrasiloxane) 





More recently Hyde and DeLong (26) studied the 
condensation products of aliphatic, aromatic, and mixed 
organo-silanediols. In the case of diphenylsilanediol 
their results did not confirm the findings of Kipping. 
They found that the products were of relatively low 
molecular weight and, with few exceptions, were liq- 
uids; the resinous products formed were gelatinous 
masses or insoluble substances; hexa-phenyl-cyclo- 
trisiloxane (c) was the only crystalline condensation 
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product of diphenylsilanediol that appeared to be ade- 
quately characterized. These results, however in- 
definite as yet, do give an indication of the types of 
compounds to be expected from these hydroxy deriva- 
tives. 

The silanetriols, RSi(OH);, are also unstable, losing 
one molecule of water to give silanic ‘acids’ which 
polymerize as soon as formed. 

Silicones (‘‘Ketones’’). As shown above, conden- 
sation of the silanediols gives oxides which imme- 
diately polymerize: 


nR2Si(OH)2 — (R2SiO)»n + “HOH 


These are not true ketones as they do not have a free 
R,Si=O group corresponding to RzC=O and, there- 
fore, do not enter into any of the reactions character- 
istic of this type of compound; they are not reduced by 
sodium amalgam nor do they add HCN or sodium hy- 
drogen sulfite. They are not known in the monomeric 
form, and their properties depend on the organic group 
as well as on the conditions of condensation (27). The 
term “‘silicones’ has been applied to the silicon poly- 
mers containing oxygen in general, and the usage is 
likely to be continued because of its simplicity, but it 
must be remembered that some silicon polymers do not 
contain any oxygen. 

It is these ‘‘silicones’’ that have come into promi- 
nence, especially during the war, as filling the need where 
other materials, synthetic or otherwise, were not ade- 
quate. Some of these polymers and their unique 
properties will be considered separately after describing 
other types of organic silicon derivatives known. 

Siloxanes. As in the case of the ketones, there are 
no silicon compounds known corresponding to alde- 
hydes. Hydrolysis of SiH,X2 yields a polymer (H:- 
SiO),, called ‘‘prosiloxane,”’ which is a stable, white, 
odorless substance that burns in air with a yellow flame. 
The polymeric derivatives of prosiloxane are known as 
“siloxanes”’ and may be linear or cyclic in structure 
(28): 

H;Si—O—Si—O— SiH 
(trisiloxane) 


H 
o—si—o 
HS >sift (cyclo-tetrasiloxane) 
Si—O * 
He 
Hydrolysis of the halides, RHSiX:, would likewise 
be expected to give compounds corresponding to the 
type, R—Si—=O, but the Si—H bond in this structure is 
| 


H 
easily broken by oxidation, leading to the formation of 
alternate silicon-to-oxygen linkages, similar to, and 
structurally identical with, the ‘‘silicones”’ (29). 
Silaneoxy-Silanes (‘‘Ethers’’). Replacement of the 
halogens in three types of organic silane halides by 
silaneoxy groups gives the corresponding derivatives. 


(a) RsSiX — R,SiOSiR’ 


(b) R2SiX: — R2Si(OSiIR’): 
(c) RSiX; ~ RSi (OSIR’)s 
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This can be accomplished by use of metallic silicon 
“alcoholates”’ 


RSiX; + 3R’SiONa — RSi(OSiR’); + 3NaX 
or by the action of P.O; on the silanols 
2R;SiOH + P20; — R;SiOSiR; + 2HPO; 


In marked contrast to the volatility and inflamma- 
bility of the aliphatic (carbon) ethers, the silicon 
analogs are relatively stable to high temperatures. 
Even (SiHs)20 is a stable gas at 400°C. and is not spon- 
taneously inflammable. 

The aliphatic silicon ethers, RsSiOSiR’ and R,Si- 
(OSiR’)s, are usually colorless liquids, miscible with 
alcohol and ethyl ether, soluble in concentrated sul- 
furic acid, and they can be distilled without decomposi- 
tion. They are also stable to ammonia up to 250°C. 

The ethers of the type, RSi(OSiR’)3, are colorless 
liquids which are hydrolyzed to hydroxyl derivatives 
by NH,OH or HI, while the aromatic analogs are 
generally stable crystalline compounds. 

Silanic “Acids.” Condensation of the silanetriols 
gives a series of ‘‘acids’’ which polymerize as soon as 
formed: 


O 
I 
RSi(OH); —~ (RSi—OH), + HOH 


The methyl, ethyl, and -propyl polymeric com- 
pounds are stable, amorphous, white powders, practi- 
cally insoluble in organic solvents. The higher aliphatic 
and aromatic derivatives polymerize in ether or ben- 
zene, no matter what proportions are used, to vitreous 
substances. 

On heating, these ‘‘acids” readily yield anhydrides 
which are also polymers: 


O 
I 
2(RSi—OH), — [(RSiO):0], + HOH 


Polybasic ‘‘acids”’ of the above type are few in number, 
due to the fact that chains of more than five consecutive 
silicon atoms are very unstable and easily hydrolyzed. 

None of these “‘acids” has yet been isolated in the 
monomeric form, but some of their salts have been 
made. By treatment of the silanes with alcoholic 
C,H;ONa, for example, the analog of sodium oxalate 
has been obtained, the structure proposed for this salt 
being (30): ; 


— 
O=—Si—O—Na 


The fact that the ‘‘acid”’ polymer of this salt (H2SizO4)p, 
is hydrolyzed with evolution of hydrogen, indicates 
that the hydrogens in the ‘‘acids’’ are more associated 
with the silicon atoms than with the oxygens. 

Esters of Silicic Acid and Derivatives. Unlike car- 
bon, silicon can form a compound having four hy- 
droxyl groups on one atom—-silicic acid, Si(OH),. 
Esterification of one or more of these hydroxyls gives 
various derivatives, depending on the number and type 
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of groups introduced. Industrially only the lower 
aliphatic esters have become important, and these are 
used in the form of gels or films obtained by partial hy- 
drolysis. The properties of the latter products are de- 
termined by the conditions of hydrolysis and are also 
influenced by the solvent used in its application. Thus, 
some partially hydrolyzed silicic acid esters (ethyl), 
when dissolved in toluene, give a continuous film, while 
with ethyl acetate the film is usually opaque with a 
rippled surface; this film can be boiled in water or 
baked to fairly high temperatures without rupture (31), 

The hydrolysis products of these esters are generally 
polymers or mixtures of polymers. A series of com- 
plex esters, for example, having the structure (32) 


OCH; 
—O—Si—0—. ICH, 
OCH; n 


CH; 


(where n=2 to 10) were isolated from the products ob- 
tained by hydrolysis of Si(OCHs3)4. Hydrolysis of 
butyl-triethoxy-silane, Bu-Si(OC2Hs)3, also yielded a 
long chain polymer of the type (33): 


r 7a " 
—O—Si—O—Si—O—Si— 
OC:H; OC.Hs; OC.H; 


The similarity of these products to the siloxanes (or 
“‘silicones’’) should be noted. 

In a study of the rate of polymerization of the methyl 
and ethyl silicates (34), it was found that the rate was 
proportional to the concentration of alcohol or glycerol 
present while it rose to a maximum, and then decreased, 
in the presence of phenolic compounds, 

Vitreous materials from organic silicic acid esters 
have also been reported. These are liquid when formed 
and solidify rapidly, the rate of solidification being in- 
fluenced by the presence of various phenolic compounds. 
For instance, the rate with p-aminophenol was three 
minutes, while in the presence of aniline it was 44 min- 
utes. These “glasses” are of interest in that organic 
pigments can be introduced (35). 

Siloxen. Among the silicon compounds that have 
no counterpart in carbon chemistry is siloxen, Sig03He, 
prepared by the action of dilute acid on calcium sili- 
cide. It is believed to have a cyclic structure of alter- 
nate links of silicon and oxygen atoms arranged in 
planes or lamellae similar to that of graphite. The 
distance between the lamellae depends on the solvent 
used in its preparation—water giving the least separa- 
tion and propyl alcohol disrupting the structure into a 
shapeless mass (36). 

All of the hydrogens can be replaced by halogens, and 
the latter hydrolyzed to OH groups. As the number of 
hydroxyls is increased the color changes from yellow, 
Sis03H;OH, to black, Sis03(OH)s. The last compound 
is very reactive and explodes on exposure to air (37). 
The halogens can likewise be replaced by alkoxy or 
aryloxy groups, yielding organic derivatives. 
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Siloxen has an absorptive power second only to that 
of activated carbon and has been used for that purpose 
as well as a catalyst and catalyst carrier (38). 

The Silicone Polymers. The silicone polymers have 
been described elsewhere in more or less detail (39), 
and the patent literature (40) gives a good idea of their 
applications. Chemically these are usually the poly- 
mers obtained by the hydrolysis of one or more silane 
halides followed by the condensation of the resulting 
hydroxy compounds. By using different types of 
silane compounds, the number of variations is indefi- 
nite. As an example the copolymers of silanediols 
and silanetriols are solid substances having a cross- 
linked siloxane structure (41): 

a i la 


O 


| 
allied i ile 


T 

On the basis of their physical properties these sili- 
cones can be classified into four broad groups: 

(a) Liquids—The outstanding characteristic of some 
of the fluid silicones is their small change in viscosity 
over a wide range in temperature. Some methyl sili- 
cones have flow points below —80°C. and are not oxi- 
dized at +150°C. Their flash points are higher than 
petroleum oils of the same viscosity; they are not cor- 
rosive to metals and are not readily attacked by min- 
eral acids or salt solutions. For these reasons they 
have found application as lubricants for both high- and 
low-temperature operation. 

(b) Greases—Some of the more viscous polymers 
have found use as greases where chemical resistance to 
specific substances is important. In this case, however, 
they have not been as successful as was hoped. 

(c) Elastomers—Various silicone rubbers are now on 
the market. These are generally more heat resistant, 
retain their flexibility better at lower temperatures, 
have relatively less adherence to metal surfaces, cor- 
rode metals less, and are more resistant to ozone and 
corona conditions than any known carbon rubber. 
In addition, most of the fillers used in rubber com- 
pounding can be applied to the silicones, thereby, of 
course, modifying their properties. 

(d) Resins—Dielectrics ordinarily used in electrical 
equipment—glass fibers, asbestos; and mica—need 
stable, heat resistant resins to fill in the voids, hold the 
conductors in place, insure good heat conductivity, 
and keep out moisture. The silicone resins have found 
their most successful application in this field, and by 
their use the weight of some electrical equipment has 
been reduced by as much as 50 per cent. These resins 
can likewise be applied for coatings and similar prod- 
ucts where heat resistance is necessary. 


. 


SUMMARY 
In the above brief review an attempt has been made 
to give a systematic outline of the chemistry of organic 
silicon compounds, with emphasis on their polymers 
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and some of their applications. It is hoped that this 
will aid in understanding the new developments that 
are being made in this field. Acknowledgment is made 
to the General Electric Compay for their illustration 
and information on their silicone films and elastomers. 
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Chemical Russian, Self-taught 
II. The Vocabulary Problem 


JAMES W. PERRY 
Ballistic Research Laboratory, Aberdeen Proving Ground, Maryland* 


Acquiring the vocabulary needed to read chemical Russian imposes a considerable 
burden on the memory. This burden can be eased by noting the origin and derivation 
of many of the words encountered when reading Russian chemical papers. 


INTRODUCTION 


WO rather distinct types of words are encountered 
frequently when reading chemical Russian. The 
first type consists of technical terms of foreign origin, 
many of which can be easily recognized by their simi- 
larity to corresponding English terms. The second 
type consists of typically Russian words derived from 
simple Russian roots. This discussion of the origin 
and derivation of Russian scientific terminology pro- 
vides background for understanding Russian chemical 
nomenclature, which will be reviewed in later papers. 
This paper is not concerned with the complexities of 
Russian grammar. However, in discussing the deriva- 
tion of words, a distinction is made between (1) suffixes 
which are used to form the stems of derived words and 
(2) endings of a purely grammatical nature (such as 
the case endings of nouns), which are affixed to the stems 
of words. Russian nouns and adjectives are cited in the 
nominative, singular, and the nominative, masculine, 
singular case, respectively. Verbs are cited as infini- 
tives. A distinction is made between durative and per- 
fective infinitives as follows: 


to be thinking 
to think 


Durative 
Perfective 


WyMatTb 
NOwyMaTb 


RUSSIAN ADAPTATION OF FOREIGN TECHNICAL TERMS 


Russian scientific writers are surprisingly willing to 
use technical terms of foreign origin. At times, a 
foreign term may be used in preference to an already 
existing Russian word. Furthermore, the process of 
adopting foreign technical terms into Russian goes on 
continually. For these reasons, learning to read chem- 
ical Russian is facilitated greatly by acquiring skill in 
recognizing well-known technical terms in Russian 
disguise. Such recognition is facilitated by the fact 
that, as a general rule, the Russians are guided by 
phonetic principles when they use the Russian alpha- 
bet to spell out foreign technical terms. This important 
point is illustrated by the following examples of Rus- 
sianized technical terms of foreign origin. In order to 
emphasize the close phonetic similarity of these Rus- 
sianized terms with their English counterparts, the 
Russianized terms have been transcribed into our own 
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alphabet using the Chemical Abstracts’ system of letter 
equivalents (given below). 


aMaJIBTaMa 
aMuH 
acaJIbT 
aTOM 
alleTat 
6oKcuT 

ras 

rpaMM 

*#Yy pHa 
u30TOH 
KaTHOH 
KOJIIONA 
KOMIJIeKc 
KOHCTaHTA 
MaJIaXHT 
MeTAaJIJI 
HOHAaH 

OM 

noTall 
mpoOs1ema 
IpoxtykKT 
IIpoToH 
mponecc 
cekyHya 
cileKTpockon 
cTpyKTypa 
cyibdat 
dexosr 
dopma 
dopmys1a 
dochar 
xJIopo@opM 
Ije@MeHT 
aJIeKTPOH 
9JIEMeHT 





amal’gama 
amin 
asfal't 
atom 
atsetat 
boksit 
gaz 
gramm 
zhurnal 
izotop 
kation 
kolloid 
kompleks 
konstanta 
malakhit 
metall 
nonan 

om 
potash 
problema 
produkt 
proton 
protsess 
sekunda 
spektroskop 
struktura 
sul’fat 


khloroform 
tsement 
elektron 
element 


amalgam 
amine 
asphalt 
atom 
acetate 
bauxite 
gas 
gram 
journal 
isotope 
cation 
colloid 
complex (noun) 
constant (noun) 
malachite 
metal 
nonane 
ohm 
potash 
problem 
product 
proton 
process 
second 
spectroscope 
structure 
sulfate 
henol 
orm (noun) 
formula 
phosphate 
chloroform 
cement 
electron 
element 


RUSSIAN-ENGLISH LETTER EQUIVALENTS 


Rem 8 # £°h 2M BO 


d)ecshis, aod 2 T-aa no 


Br 
vg 
xh ige! eesa lg ee 
f kh ts ch sh shch * y 


An important group of Russianized technical terms 
of foreign origin consists of nouns whose nominative 
singular ends in -ua (case ending -a). Note that the 
Russian -ua frequently corresponds to English -ton. 


BS. ay Ae 
* e yu ya 


a 
a 
y 
u 


aberration 
academy 
assimilation 
eology 
letonation 
dissociation 
condensation 
corrosion 
crystallization 


adeppanua 
akaylemua 
AccCHMMJLAIA 
reojlorua 
qeToHalua 
qucconmanna 
KoHpeHcalua 
Kopposua 
KpucTasimsalua 
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swa6opaTopux laboratory 
onepalua operation 
HeiTpasmsalua neutralization 
nowjmMepusalaA polymerization 
pereHepanua regeneration 
TeOpHA theory 
dororpadua photography 
oyHKouA function 
serene chemistry 
9MYJIBCHA emulsion 
SHTpOnuA entropy 


The Russians have a well-developed system of suf- 
fixes which they use extensively to modify the sig- 
nificance of Russian root words. Such suffixes are also 
used with roots of foreign origin. For example, the 
Russians use the suffix, -nocrbh (nominative, singular 
case ending -b), in much the same way as the suffix, 
“ity,”’ is used in English to form abstract nouns. 


AKTUBHOCTB activity 
amM@oTepHocTb amphoteric character 
BaJICHTHOCTB valency 
MHTCHCHBHOCTB intensity 
HOPMAJIBHOCTE normality 
MACCHBHOCTB passivity 
epHOAUU4HOCTE periodicity 
9K30TEPMHYHOCTh exothermal character 


Use of typically Russian suffixes to convert words of 
foreign origin, particularly nouns, into adjectives should 
be noted with particular care. The Russians are very 
careful to avoid using one noun to modify another as is 
done in such English expressions as “salt solution,” 
“hydrocarbon solvent,’ “glass rod,’”’ etc. In the fol- 
lowing examples the case ending is either -t1ii or -nit: 


aTOMHBIit atomic 
alleTaTHsiit acetate (adj.) 
alleTHJIbHBIit acetyl (adj.) 
KOJINIOHTaJIBHEI colloidal 
KOMIIJI€KCHEIMA complex (adj.) 
SKCHepuMeHTAaJIBHEIit experimenta 
alleTHJICHOBEI acetylenic 
TasoBbiit gaseous 
KOKCOBBIit pertaining to coke 
MeTHJIOBEIit methyl (adj.) 
HaTpHeBEIt sodium (adj.) 
cOMpToBEit pertaining to alcohol 
acTpoHomu4eckuit astronomical 
Ouonoruyeckuit biological 
KpucTasiimyuecknit crystalline 
upakTuyeckuit practical 
TexHOJIOruuecKuii technological 
xumuyeckuit chemical (adj.) 
auleKTpuyueckuik electrical 


Another important class of Russianized technical 
terms is illustrated by the following verbs whose infini- 
tivesend in -osarp. The frequent occurrence of infini- 
tives ending in -uposats suggests relationship to corre- 
sponding German infinitives ending in “-ieren.” In 
the following examples, the grammatical infinitive end- 


ing is -Tb: 
{ to distill 


ee to be distilling 
OuIETpOBaTb to be filtering 
IpodusIbTpoBaTh to filter 
ny61MKOBaTB to be publishing 
ony6sMKOBaTb to publish 

to be nitrating 
HUTPOBaTB { dos alien i 
CHHTe3SUpOBaTh { ” ee 


23 





Nouns closely related to such verbs end in -nue (case 


ending -e) and denote various processes. 


alleTHJIMpOBaHHe acetylation 
HHTerpupoBaHne integration 
HUTpOBaHHe nitration 
cy1bupoBaHue sulfonation 
TUTPOBaHHe titration 
usIbTpoBaHue filtration 
XJIOpHpoBaHHe chlorination 


These nouns must not be confused with the passive 
past participles of closely related verbs. {In Russian, 
verb participles are declined like adjectives. , The case 
ending in the following examples is -51it. 


aKTMUBUPOBaHHEIit activated 
MCTHIJIMpOBaHHEIit distilled 
KOHICHTPUpOBaHHETt concentrated 
1JlaTHHApOBaHHEiit platinized 
popusIbTpoBaHHEt filtered 
CHHTesHpoBaHHElit synthesized 
TUTPHpOBAaHHEt titrated 


Occasionally, for one reason or another, the phonetic 
similarity between corresponding Russian and English 
terms may be imperfect. For example, if an English 
word is spelled with “th,” the Russian cognate is usually 
spelled with “rt,” rarely with “.” English “h,’’ when 
not part of a consonantal diphthong, such as “ch” or 
“sh,”’ is rendered in Russian cognates usually as “r” 
or, rarely, as “x.”” Russian “‘,” xs“‘ap” and “ex” usually 
correspond to English “qu,” “au,” and “eu,” respectively. 
The Russians may use ‘‘kc” for English ‘‘x,’’ even when 
the latter is pronounced like ‘‘z.” The situation with 
regard to such deviations from phonetic similarity is 
illustrated by the following examples: 


AJIKOTOJIb alcohol 
aHnruypuy anhydride 
apudmetuka arithmetic 
aypaT aurate 

revit helium 
raypat hydrate 
ruyqpokcus hydroxyl 
runorTesa hypothesis 
romosior homolog 
TOpMOH hormone 
KBaHTOBBI quantum (adj.) 
KBapI quartz (noun) 
KBeOpaxo quebracho 
KceHOH xenon, 

KCHJIOII xylene 

MeTaH methan 
HeliTpoH neutron 
mIceB]{O- pseudo- 
TeopeMa, theorem * 
Teopua theory 
TepaneBTaueckuit therapeutic 
xeHHa henna 

XHHUH quinine 
XHHOJINH quinoline 
8BTe€KTHK eutectic (noun) 
3KBUBaJIeHTHBI equivalent (adj.) 
sup ether or ester 


A number of Russanized technical terms of foreign 
origin are learned most conveniently by noting their 
close similarity to corresponding German or French 
terms. The following examples are typical: 


asoT (azote) nitrogen 
6op (Bor) boron 
BOJIEppaM (Wolfram) tungsten 
ByJIKaH (Vulkan) volcanoe 
Hoy, (Jod) iodine 


ft Cf., French, éther. 
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Kast (Kalium) potassium 
Kou16a (Kolben) flask 
KoKe (Koks) coke 
KyJIOH (coulomb) coulomb 
makMyc (Lakmus) litmus 
MaccHKOT (massicot) litharge 
macmTa6 (Massstab) scale 
HaTpuit (Natrium) sodium 
yHKT (Punkt) point 
pesiome (résumé) résumé 
maxta (Schacht) mine shaft, pit 


RUSSIAN ROOTS AND DERIVED WORDS 


General Remarks. A characteristic feature of the 
Russian language is the surprisingly extensive degree 
to which it forms derived words from its simple basic 
roots. Although it is not possible to reduce Russian 
derivation of words to a rigid scheme logical in all de- 
tail, it is possible to discern a general pattern, particu- 
larly in the use of prefixes and suffixes. A general knowl- 
edge of this pattern is very helpful in acquiring the 
vocabulary needed to read chemical Russian. 

Space limitations preclude a thorough, exhaustive 
discussion of Russian scientific nomenclature in this 
paper. Consequently, subsequent discussion is limited 
to typical examples of Russian formation of words par- 
ticularly useful in reading chemical Russian. An 
excellent general review of Russian word-building 
methods is available in book form (1). 

Some Important Suffixes. The use of various suffixes 
to form various classes of nouns is important. Thus 
nouns ending in -Temb (suffix -rem-, case ending -b) 
denote an agent or person who performs an act indi- 
cated by the parent verb. 
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ocTaTBCA t to remain, to stay 
TIpoBoqHuK conductor 

IIPOBOAUTh to be conducting, leading through 
BOLUTE to be leading 

upusHak sign, indication 

lIpusHaTh to acknowledge, to confirm 
TpeyrouIbHHAK triangle 

Tpe- + tri- + 

yrou angle y 
XHMUK chemist 

XMMUA chemistry 


The following are typical nouns ending in -Hue and 
denoting the action or result of the action indicated by 
the parent verb (case ending -e): 


HCHOIb30BaHve utilization 
HCHOJIbSOBaTb to be utilizing, to utilize 
KuneHue act of boiling 

KuMeTb to be boiling 

HasBaHve name, designation 
Ha3sBaTb to name, to term 
pacTBopeHue solution 

PacTBOpuTb to dissolve 

pacTeHue plant 

pactu to be growing 

ropeHue combustion 

ropeTb to be burning, to be glowing 
coeyquHeHue union; chem., compound 
cOoeHHUTb to unite 


Nouns ending in 


-OCTb or -ecTb denote abstract 
qualities or things characterized by some abstract 
quality (case ending -s): 


BUUMOCTB visibility 
BUJIUMBLA visible 
2KU]{KOCTb liquid (noun) 
ROK liquid (adj.) 
KHCJIOTHOCTE acidity 
KUCJIOTHEI acidic 
KpaTKOCTb brevity | 
KpaTKuit short, brief 
qleTy4ecTh volatility 
wlery unit flying; chem., volatile 
I1JIaBKOCTb fusibility 
nyaBKnit fusible 
PpacTBOpuMOcTh solubility 
pacTBOpuMBIit soluble 





Nouns ending in -crso (case ending -o) denote gen- 
eralized, abstract concepts. 


BOCCTAHOBUTEJIB restorer, re-establisher ; 
chem., reducing agent 

BOCCTAHOBETb to restore, to reestablish; 
chem., to reduce 

BaMeCTHTeJIb substitute; chem., substituent 

8aMeCTUTE to replace, to substitute 

KpacuTeJIb dyestuff : 

KpacuTb to be coloring, dyeing 

MHO2KHTCJIB multiplier 

MHO2KUTH to be multiplying 

HOCHTeJIb carrier 

HOCHTh to be carrying 

OKHCJINTeIIb oxidizing agent 

OKHCJINTE to oxidize 

OcylIMuTesIb drying agent 

OCyIIMTE to make dry 

PpacTBOpHTeJIb solvent 

PacTBOpuTh to dissolve 


Nouns ending in -oK, -HK, -ak, -AKk (no case ending) 
denote a thing or person more or less directly associated 
with the root. Sometimes, the association is rather re- 
mote as in the case of mpmmBAK, arsenic, and KycoK, 
piece, small amount. 


6es10K white of egg or of eye; 

chem., protein 
Oemsrit white (cf., German, Hiweiss) 
KycoK piece, small amount ; 
KycaTb to be biting (cf., German, Bisschen) 
MBIIMBAK arsenic 
MBIIIb mouse 
ocayloK sediment, precipitate vay’ 
ocayuTb to besiege; chem., to precipitate 


residue, radical 


ocTaTOK 


OoJIbIIMHCTBO majority 

Sombmoit big, large 

MHO?KECTBO multitude 

MHOrHe many, several 
lpocTpaHcTBo expanse, space _ 
mpocTpaHHbEiit spacious, extensive 
paBeHcTBO equality 

paBHEiit equal 

cBolicTBO character ; chem., property 
cBolt my, your, his, etc., own 
CXO]ICTBO similarity 

CXO]{UTBCA to be coming together _ 
XOJUTb to be going, to be walking 
aJIeEKTPHYeCTBO electricity 
a7IeKTpudeckuit electrical 


Adjectives may be formed from Russian roots and 
nouns in a number of ways, of which the following are 
of particular importance in Russian chemical nomen- 
clature, as will be discussed in a subsequent paper. 


t The endings, -ca and -cb, are used to construct the reflexive 
forms of Russian verbs. 
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In the following examples, the case ending is either 
-biii, -Mii, or -oli: 


-HCT- 


This suffix is used to form adjectives which express a limited 
degree of relationship with the root word. 


6onoTucTEit somewhat swampy 
6o0TO swamp 
BOJAHUCTEIM watery 
Bona water 
s0u1I0TUCTEI resembling gold, golden 
80J10TO gold 
KaMeHUCTEIt stony, containing stones 
KaMeHb stone 
MeHUuCcTEIt foamy 
IleHUTh to be foaming 
TIbIJIMC TEI somewhat dusty 
TbIJIb dust 
cepeOpucTsrit silvery 
cepe6po silver 
xJIOpucTEit general meaning, § chlorine 
containing 
xJIop chlorine 
-OBaT- 


This suffix is used to tone down various adjectives. 


KEITOBATEI yellowish 
*eJITHIA yellow 
MATKOBAaTEI somewhat soft 
MATKH soft 
KpacHOBarTeiit reddish 
KpacHblit red 
cmadoBaTEit rather weak 
cmabnit weak 
CuaKOBaTEt sweetish 
cayKuit sweet 
cyxoBaTbit fairly dry 
cyxoit dry 
TelJIOBATEH lukewarm 
TeIJIbIi warm 

-H- 


-oB- (alternate form -ex-) 


These two suffixes are widely used for converting nouns into 
adjectives. 


Me]{HEIit copper (adj.) 
Me]{b copper (noun) 
BOJHBIM aqueous 
Boya water 
KaMeHHBIit stone (adj.) 
KaMeHb stone (noun) 
My paBbuHEit pertaining to ants; 
chem., formic, formate 
MypaBeit ant 
Her aHoit petroleum (adj.) 
He@Tb petroleum (noun): 
caxapHBiit sugar (adj.) 
caxap sugar (noun) 
mesIouwHolt alkaline 
IeJIOUb alkali 
BecoBoli pertaining to weights or balances 
BeCBI weights, balance 
s3epHOBOHt pertaining to grain, grainy 
3epHO grain, seed 
ary 4eBoii pertaining to a ray or beam 
aqy4 ray, beam 
MoueBoii urinary ; chem., uric 
moua urine 


‘ 


§ Specific meanings of xmopacTiti are reviewed in the next 
paper in this series. 


Compound Words. 
usually formed by joining two component words, using 
-O- or -€- as a connecting link. / 
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moy1eBoit field (adj.), rural 
nlogie field, country 
cHJIOBOK power (adj.) 
cna strength, power 


Russian compound words are 


BuylousMeHeHue aspect, phase; chem., allotropic form 
Buy, appearance, aspect-++usmeHeHne, alteration, change 
BBICOKOsaMeMleHHEI chem., highly substituted y 
BEIcoKui, high+samemarts, to be replacing, substituting 
MHOPOUMCJICHHEIM Numerous 

MHOrue, Many +u4nc10, number 

oyHOpoyHocTs homogeneity 

OHH, One, single+-pog, descent, family, birth 
paBHosecue equilibrium 

paBHEIi, equal+seczt, weights, scales 
cBexeocaxyeHHE freshly precipitated 

cBexxuii, fresh+ocayor, chem., precipitate 

yruesoy carbohydrate 

yroms, coal, charcoal+-soga, water 

yrsepoyopox hydrocarbon 

yroub, coal, charcoal+sogopon, hydrogen 
WesOuHOseMeJIbHEI alkaline earth (adj.) 

meson, alkaline+semma, earth 


Such compound words may also be formed by com- 
bining a word of foreign origin with a Russian word. 
Although distressing to purists, such compound _ words 
are not particularly difficult to understand. 


asokpacuteub azo dyestuff 

aso, azo+xKpacutemb, dyestuff 
BEICOKOTemnepaTypHEt high temperature (adj.) 
BEIcoKuu, high+Temnepatypa, temperature 
rasoo0pasHEIi gaseous 

ras, gas+o0pas, form, shape 

m«upkopasnbit liquid phase (adj.) 

mupKui, liquid (adj.)-+dasa, phase 
KpucTas1006pasozanne formation of crystals 
Kpuctas, crystal+o6pasoBanue, formation 
MesIkoKpuctansmmueckni finely crystalline : 
Menkuit, small, fine+xKpucranmmueckui, crystalline 
HUTpocoeguHeHHe nitro compound 

HUTpO, nitro+coequHeHue, compound 


In general, Russian compound words do not contain 
more than two basic roots. However this is not true of 
the names of organic compounds nor of various words of 
foreign origin. 


5-meruyrekca-1, 3-qMeH-5-ou1 5-methyl-1, 3-hexadien-5-ol 
metus, methyl+rekcaquen, hexadien+on, ol 


O 
ot ¢-CH—CH—CH=Cih 
CH; 


1-benu-3-meTunmupaso0H-5 1-phenyl-3-methylpyra- 


zolone-5 
denun, phenyl+merun, methyl+nupasonon, pyrazolone 
ai OI ii 
N CO 
a 2g 


fa 





peHTreHoKpucTassorpaduyeckui pertaining to X-ray 
crystal analysis 

Peutren, Roentgen+xpuctran, crystal+rpaduyecknit, 
graphic 

6exso0ucynboKucuota benzene sulfonic acid 

6eHson, benzene+cyubdo, sulfo+Kucnora, acid 

ruypoouektposHeprua hydroelectric energy 

ruypo, hydro+emexrpo, electro+-sHeprua, energy 

quMetTusoTHHuIKapOuHON dimethylethyny] carbinol 

yumetus, dimethyl+oruxun, ethynyl+xap6Ounon, carbinol 


Prefixes. Discussion up to this point has emphasized 
the use of suffixes in forming Russian words. Prefixes 
are equally important as is illustrated by a few examples 
selected from the numerous Russian words formed with 
the prefixes y- and us- (or alternate forms uso0- and 
uC-). 
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Heq- below, sub- 

o-, 06-, o60- (1) about, around, (2) establishment of 
condition 

mepe- (1) back and forth, (2) across 

mo- (1) mostly to form perfective ape, (2) short 
duration of action, (8) in fashion o 

moy- (1) under, (2) establishment of condition 

mouly- semi- 

upu- near, toward vicinity of 

mpo- through, past 

pas-, pac- (1) to pieces, separate, (2) intensification of 
action 

c-, co- (1) down, off, (2) with 

y- (1) away from, (2) establishment of condition 


Prefixes derived from numerals are important in 
chemical nomenclature. 


Derived from 
Russian roots 


Derived from 
Greek or Latin 


English 
translation 


yBeumueHne 
BeImKuH 
yaasienne 
aJIbHbIit 
ynoOpexnue 
noOpsrit 
yuleTy4MTLCA 
weTy iH 
YMeHBUIMTb 
MeHBIIMH 
yHuKeHue 
Huskui 
ypaBHeHue 


paBHbili 


n30upaTb 
6paTb 
usMepeHue 
mMepa 

43’ bACHEHHE 
ACHBIM 
uckopeHeHue 
KOpeHb 
uccueqoBaHHe 
csrey, 
uccyWIMTb 
cyxou 
HCUNCIUTb 
WHCIIO 


v= 
increase 
big 
removal 
distant, remote 
fertilizer 
good 
to evaporate 
flying; chem., volatile 
to decrease, to reduce 
less, smaller 
lowering, bringing down, humbling 
low, base 
equalization; 

math., chem., equation 
equal 


u3- (u30-, HC-) 


to elect 

to be taking 
process of measuring, measurement 
measure, scale 
elucidation 

clear, bright 
extermination 

root 

investigation 
trace, vestige 

to dry, to desiccate 
dry 


to calculate 
number 


Due to space limitations, Russian prefixes cannot be 
reviewed in full detail. The following list of the more 
important prefixes cannot be regarded as doing more 
than indicating in a vague, general way the usual effect 
of prefixes on the meaning of roots. It is impossible to 
do,more than this because of vagaries in usage. Note 
also that most of the prefixes, when used with verbs, 
may serve to form the perfective aspect from the dura- 
tive and, in a sense, thus serve to indicate completion of 
an action. 


6es-, Gec- without, -less, un- 


B-, BO- into, in 

BO3-, B3-, Boc-, BC- (1) up, off, away, (2) return 
BEI- from within, out of 

no- (1) upto, (2) sufficiency 

sa- (1) beyond, behind, (2) initiation of action 
H3-, 130-, uc- -away from, out 

Me*Ky{y-, Mex- between, inter- 

Ha- toward, onto, on 

Haji- above, super- 

He- wun-, non- 


moyty- ceMH- semi- 
O]{HO- MOHO- mono- 
nowy Topa- ceCKBH- sesqui- 
WBy- qu- di- 
Tpex- Tpu- tri- 
weTBIpex- TeTpa- tetra- 
ATH- nleHTa- penta- 
mecTH- rekKca- hexa- 
ceMu- remta- hepta- 


poly- 


MHOroO- TOJIM- 


The Russians use the prefixes derived from Greek 
or Latin principally in connection with naming organic 
compounds and complex compounds of the Werner 
type. The Russians prefer to use nomy- for ‘semi-.” 
The use of cemu- for “‘semi-” is restricted to words, 
such as cemumosapuerii (semipolar), in which translation 
of cemu- as “hepta-” would be meaningless. Care is 
needed to avoid confusing nomy- “semi-” with nou- 


‘ ‘poly-.’’ 

Roots and Derived Words. The following examples il- 
lustrate the fact that a surprisingly wide range of Rus- 
sian words may be derived from individual roots by 
combining with suffixes, prefixes, and other roots. 


-Kuc-, sour 


suboxide 

oxide (-ous) 
oxide (-ic) 
peroxide 
superoxide 
hydroxide 
oxygen 
oxidation 
oxidizing agent 
to be oxidizing 
OKUCIIMTb to oxidize 
OKHCJIACMOCTE oxidizability 
KUCIIBI sour 

KuCIIOTA acid 
KUCJIOTHEI acidic 
KUCJIOTHOCTE acidity 
CKHCAaTb to be souring 
CKHCHYTb to sour 
NOWKUCIIATE to be acidifying 
HOTKUCIUTS to acidify 


pon, descent, family, birth 


hydrogen 
oxygen 
homogeneity 


He]OKHCh 
s8aKUCb 
OKHCh 
nlepekucb 
HajOKHCh 
Truy{pOOoKuCh 
KuCIOpOr, 
okucyIeHue 
OKMCJINTEIIb 
OKUCIIATb 


BoOpon 
KuCcIOpOy, 
OHOPOAHOCTh 
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OHOpOHETH 
powuTesIb 
cuHepoy 
coslepoy, 
cpoycTBO 
yraepox 


Concluding Remarks. 


homogeneous 

parent 

cyanogen 

halogen 

kindred ; chem., affinity 
carbon 


The relationship between Rus- 


sian words is obscured in certain cases by shifts in the 


final consonant of the root. 


This difficulty is illustrated 


by the following typical examples. 


MHOrHe 
MHO?KCCTBO 


ocajloK 
ocasKTeHHe 


HayKa 
Hay 4HBI 


peqRui 
paspesKeHHEIt 


OnmsKnit 
npHOsmmxKeHHe 


KpacHblt 
okpalluBaHne 


MeCcTO 
samMelmaTb 


cyxol 
cylluTb 


KpaTKat 
coKpamenue 


KoHely 
KOHeUHEI 


rox 
many 
multitude 
qa wy 
precipitate 
precipitation 
K-44 
science 
scientific 
om 
rare 
diffuse, rarefied 
3 


near 
approximation 
c—m 
red, beautiful — 
dyeing, coloration 
cT > 
place, position 
to be replacing, to be 
substituting 
x~ Hl 


dry . 

to be drying 
TOW 

short 

abbreviation 


a 


end 
final, ultimate 


Similar difficulty in recognizing relationships be- 
tween words may be caused at times by omission or 


change in the vowels. 


BOUTE 
BBeweHHe 


oe 


to be leading 
introduction 


ue 
to be having, owning 
heat capacity 
y—-nH— Oo 
dry 
to be drying up 
to dry up 
o omitted++o — a 
voice 
agreement 
o —e-+0 omitted 
cold, frost 
to be freezing 
o omitted 
coal, charcoal 
carbon 


MMeTb 
TeNJIOCMKOCTL 


cyxon 
BEICLIXaTh 
BEICOXHYTB 


TOJIOC 
corsiacue 


Mopos 
MepSHYTB 


yIOuIb 
yrsepoy, 


There are a few Russian words which resemble other 
Russian words of entirely different meaning. Care is 
needed to avoid being deceived. Note the following 
examples. 


Omaro 
Byrara 
gKeJIes0 
mmesesa 
MOUb 
Moua 
CylIMTB 
cymuit 
6uTB 


good, goodness 

moisture 

iron 

gland 

power, force 

urine 

to be drying | 

existing, actual, real 

to be striking, hitting, 
killing 

to be 

« lime, CaO 

news, reports 

semi- 

poly- (as in polymer) 

angle 

coal, charcoal 


OBITB 
U3BeCTh 
usBecTue 
mosry- 
moum- 


yrom 
yrouIb 


Evidently difficulties may be encountered at times in 
tracing relationships between Russian words. However, 


-such difficulties need not cause undue concern if a 


reasonable amount of caution is used. The benefits to 
be derived from an understanding of Russian word 
building procedures are well worth the effort required 
to overcome incidental difficulties. 
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Sensitivity of Precipitation Reactions 


of Dilute Electrolytes 


R. K. McALPINE 
University of Michigan, Ann Arbor, Michigan 


N DISCUSSING the theory of precipitation reac- 
tions in aqueous solutions the main topics usually 
considered are 


1. Solubility. 
2. Common ion effect (solubility product). 
3. Abnormal solubility, due to 

(a) supersaturation, 

(6) formation of complex ions, 

(c) interionic attraction. 


In using precipitation reactions as tests for ions in 
qualitative analysis these factors are all involved; and 
if one is working near the limit of sensitivity of a test 
certain additional questions must be raised, such as 
(1) how readily does the precipitate form from slightly 
supersaturated solutions, and (2) how much precipitate 
must be formed in order that it may be seen? To pro- 
vide an experimental basis for showing the relative im- 
portance of these several factors, a somewhat extended 
study has been made of the precipitation of lead chlo- 
ride, lead iodide, and lead chromate. 

A general introductory experiment to show the rela- 
tive sensitivity of these three tests for lead ion was 
carried out as follows: Sixteen 8-inch, footed test tubes 
(about 80 ml. capacity) were placed in a line on the 
desk. Sixteen milliliters of a stock solution of lead 
nitrate (50 mg. of Pb per milliliter) was placed in a 100- 
ml. graduated cylinder, diluted with water to the 90- 
ml. mark, and mixed thoroughly by pouring most of it 
into the first test tube and then back into the graduate, 
repeating this process four or five times. At the last 
step 45 ml. of the solution was left in the test tube and 
45 ml. in the graduate. The test tube was then set 
back in the number one position. The solution in the 
graduate was diluted to the 90-ml. mark, mixed as be- 
fore using the second test tube, half of it finally being 
left in this test tube which was then replaced in the 
number two position. This process was continued until 
the series was completed. By this operation the first 
tube contained 400 mg. of Pb in 45 ml. of solution, and 
each successive tube contained half as much Pb as the 
preceding one. As precipitating agents the following 
solutions were prepared: 5 M HCl, 0.25 M KI, and 
0.017 M KeCreO; (0.1 NV as oxidizing agent). 

Five milliliters of the 5 M HCl was added to the first 
tube, which was then swirled to mix thoroughly. A 
copious, coarse, white precipitate of PbCl, formed 
promptly. The same reaction was tried on the 
second, third, and fourth tubes. A moderate precipi- 
tate was formed in the second tube, a small precipitate 
formed slowly in the third, and none in the fourth. 

To the fifth tube was added 5 ml, of a freshly pre- 


pared, 0.25 M solution of KI. (A solution of KI on 
standing slowly becomes alkaline due to oxidation of 
I~ by the air ,and this would precipitate a less soluble 
basic iodide from the more dilute solutions.) A 
bright yellow, finely divided precipitate of PbI; formed 
promptly. This reaction was next tried on the sixth, 
seventh, eighth, ninth, and tenth tubes. In these suc- 
cessive tubes the precipitate formed more and more 
slowly and changed in appearance to a coarser, more 
shiny, crystalline precipitate. In the ninth tube it 
took two or three minutes before a precipitate formed, 
and none was obtained in the tenth tube even after 15 
minutes. 

Starting with the eleventh tube 5 ml. of the K,Cr,0, 
reagent was added to each of the later tubes, swirling 
in each case to mix the reagent with the solution. 
Finally 5 ml. of the K,Cr.O; reagent was added to 45 
ml. of distilled water and placed in a seventeenth tube 
to aid in judging whether any opalescence could be ob- 
served in the later tubes. The tube with distilled water 
appeared clear since it contained a negligible amount | 
of suspended particles to reflect light, but even tubes 
14 and 15 showed a recognizable cloudiness due to 
precipitation of PbCrO,. The comparison with the 
blank was made by taking the tubes to a window, hold- 
ing them just below the sill, and looking into them slant- 
wise from above. Some of the light coming in from the 
window was deflected upward by the suspended particles 
of PbCrO,, making this tube appear brighter than the 
one with distilled water. The purpose of the KeCr,0; 
in the distilled water was to avoid mistaking the color 
of the reagent for the precipitate. The sixteenth tube 
appeared clear for some time but developed a recogniz- 
able opalescence after one to two hours. 

It is obvious from these experiments that the HCl 
test for lead is the least sensitive of the three, and the 
K.Cr.O7 test is the most sensitive under the conditions 
used. It is interesting to compare this order with the 
solubilities of the three compounds in water. At 25°C. 
the molar solubilities of PbCl, PbI2, and PbCrO, are 
3.9 X 10-2, 1.7 * 10-3, and 1.3 X 10-7. Thus it is 
seen that PbI2 is about 4/25 as soluble as PbCl:, and 
PbCrO, is about 1/10, as soluble as PbIz. Thus one 
might expect PbI, to precipitate from a more dilute 
solution of Pb (NO3)2 than would PbCl, and PbCr0, 
should precipitate from a still more dilute solution. 
These expectations are in accord with the actual ex- 
periments. 

A more detailed comparison of the sensitivities of the 
three tests with the solubilities of the compounds re- 
veals several other interesting facts. From the molar 
solubilities of the compounds it is a simple matter to 
calculate the number of milligrams of Pb which should 
be present in 50 ml. of saturated aqueous solutions of 
PbChk, PbI2, and PbCrO, at 25°C. 

PbCl, 3.9 X 107? X 207 X 50 = 403 mg. of Pb 


PbIz 1.7 X 10-* X 207 X 50 = 17.6 mg. of Pb 
PbCrOQ, 1.3 X 10-7 X 207 X 50 = 1.8 X 107* mg. of Pb 


In the actual experiments a precipitate of PbCl, was 
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obtained in the third tube with only 100 mg. of Pb 
present; a precipitate of PbI, was obtained in the 
ninth tube with only 1.6 mg. of Pb present; and in the 
sixteenth tube, where 0.012 mg. of Pb was present, the 
precipitate of PbCrQ, failed to show in moderate time. 
It is evident that under the conditions of these experi- 
ments, precipitates of PbCl, and PblI, were obtained in 
solutions which were more dilute than would be ex- 
pected from the data of simple solubility. In the case 
of PbCrO,, on the contrary, precipitation stopped be- 
fore the limit of simple solubility was reached. From 
a consideration of these facts it may be concluded that 
the solubility of a compound in water gives only an ap- 
proximate notion of the sensitivity of the corresponding 
precipitation reaction. For a compound of slight to 
moderate insolubility the test may be more sensitive 
than one would judge from simple solubility considera- 
tions, but in the case of extremely low solubility the 
test may be less sensitive than one would expect. 

In the cases of PbCl, and PbI2 it may be noted that 
the concentrations of Cl~ and of I~ introduced in the 
precipitation reactions ([Cl-] = 0.5, [I-] = 0.025) are 
greater than those in saturated solutions of these com- 
pounds in water (PbCl, = 0.078, PbI2z = 0.0034). The 
fact that the sensitivity of the precipitation reactions 
is greater than one would expect from the simple solu- 
bilities in pure water is commonly accounted for by 
stating that there has been a repression of solubility due 
to a common ion effect. This effect is usually consid- 
ered in terms of the solubility product principle, a 
principle which assumes that for a saturated solution of 
a slightly soluble electrolyte—whether prepared by dis- 
solving the compound in pure water or by precipitation 
with excess of one of the ions—there is a characteristic 
product of concentrations of the ions, which, at a given 
temperature, will be the same for each of these different 
saturated solutions. Thus, if excess of one of the ions 
is introduced into the saturated solution in water, there 
will be a corresponding lowering in concentration of the 
other ion by precipitation of the compound until the 
product of the two concentrations has its characteristic 
value. 

For PbCl; the solubility product takes the form 


Lrpvc, = [Pbt*] X [Ci-]? (in the saturated solution) 


In this expression Lppci, is the symbol for the solubility 
product of PbCl, and [Pb*++] and [Cl-] refer to the 
molar concentrations of the two ions. The fact that 
the concentration of chloride ion is squared in this 
expression is explained by noting that in order to have 
a molecule of PbCl. formed, two atoms of chloride ion 
must come in contact with one lead ion. The frequency 
with which single chloride ions will make such contacts 
will vary as the first power of the concentration of 
chloride ion; therefore the frequency with which two 
chloride ions will make such contacts will vary as the 
second power of the concentration of chloride ion. 

It will be instructive to look into the solubility, prod- 
ucts of PbCl, and PbI; somewhat more in detail. Ap- 
proximate values may be calculated from the solubili- 
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ties in pure water with the aid of the assumption that 
in these solutions the Pb, Cl, and I will exist only in 
the form of simple ions (7. e., no undissociated PbCl, or 
PbIz, and no intermediate or complex ions such as 
PbCl*, PbI+, PbCl;-, or PbI3~). Thus if the molar 
solubility of PbCl, at 25°C. is 0.039, the concentrations 
of Pb++ and of Cl- would be 0.039 and 0.078, respec- 
tively (2 atoms of Cl- from one molecule of PbCl,), and 
Lexy, = 0.0389 X (0.078)? = 2.37 X 10-4. Similarly 
if the molar solubility of PbI, at 25°C. is 1.7 X 1073, 
the corresponding value for Lp, = (1.7 X 107%) X 
(3.4 X 10-%)? = 1.96 X 107%. ‘It is a simple matter 
now to apply the solubility product principle and cal- 
culate the concentrations of Pb++ which might be ex- 
pected in saturated solutions of PbCl, and of PblI2 
where known excesses of Cl~ and of I~ are present. 

In the actual precipitation experiments 5 ml. of 
5 M HCl and 5 ml. of 0.25 M KI, respectively, were 
added to 45 ml. of solution, so if no precipitation took 
place and no complex ions were formed, the final con- 
centrations of Cl- and of I~ should be 0.5 M and 
0.025 M. If a solution is just saturated with respect 
to PbCl, and the Cl- is 0.5 M, the corresponding con- 
centration of Pb++ should be 2.37 X 10-4 + (0.5)? = 
9.5 X 10-*. Similarly, for a saturated solution of 
Pblk, if the concentration of I~ is 0.025, the correspond- 
ing concentration of Pbt* should be 1.96 X 107° + 
(0.025)? = 3.1 X 10-*%. Actually, in the fourth tube 
where PbCl, failed to precipitate, there was 50 mg. of 
Pb present, which, as Pb*+*, would give a concentra- 
tion of Pbt* of 4.8 X 10-*%. Also, in the tenth tube, 
where PblI, failed to precipitate, there was 0.8 mg. of 
Pb present, which, as Pb*+*, would give a concentration 
of Pbt* of 7.7 X 10-5. A comparison of the two figures 
in each of these cases makes it appear that the fourth 
tube may be somewhat supersaturated with respect to 
PbCl, and the tenth tube somewhat less supersaturated 
with respect to Pbl,. 

If the failure of PbCl, to precipitate in the fourth 
tube (or PbI, in the tenth tube) is a simple case of su- 
persaturation, it should be possible to demonstrate this 
by adding a few crystals of PbCl, or PbI; to the tubes 
in question and shaking. If an additional precipitate 
now forms, the idea of supersaturation is correct; if 
not, an explanation must be sought elsewhere. When 
the experiment was actually tried, the results were 
negative. On this basis it may be assumed that while 
PbCl, and PbI, precipitate rather slowly from dilute 
solutions, no very significant amount of supersaturation 
persists as a metastable condition. 

It may be noted now that three anomalies have been 
demonstrated by the original experiment. First, the 
sensitivity of the precipitation of PbCrO, from Pb- 
(NOs)2 solution is less than one would expect from 
simple solubility considerations. Second, the precipi- 
tation of PbCl, is a less sensitive test than would be 
expected from solubility product considerations. Third, 
the sensitivity of the precipitation of PbI; is less than 
one would calculate from the solubility product of 
PbI:. It will be simplest to consider the case of Pb- 
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CrO, first and then return to the other two cases with 
some additional experiments. 

In studying the limit of visible precipitation reactions, 
it should be recalled that a visible precipitate will ap- 
pear only if an amount of the compound has been 
formed over and above that necessary to saturate the 
solution. The less soluble a compound is, the smaller 
the amount needed to saturate a given volume of solu- 
tion, but the excess beyond this which will be needed 
to produce a visible effect will depend upon various 
physical properties of the precipitate. If the precipi- 
tate is not particularly opaque but possesses a pro- 
nounced color, then the excess beyond saturation needed 
for visibility will be the amount necessary to impart a 
recognizable color to the volume of the solution in which 
the test is being carried out. If the precipitate forms 
as a suspension of very small, opaque particles, these 
may be recognized by their ability to reflect light and 
produce an opalescence in the solution. In this case 
the excess needed beyond saturation will be that neces- 
sary to produce a visible opalescence under favorable 
conditions of observation. For precipitates which are 
neither highly colored nor opaque the excess necessary 
for visibility must be such that individual particles of 
the precipitate can be recognized. Thus it should be 
obvious that the magnitude of this excess needed to 
produce visibility bears no direct relation to the solu- 
bility of the compound. For compounds whose visi- 
bility is pronounced, as little as 0.01 to 0.02 mg. may 
be recognizable in 50 ml., but in the case of compounds 
of fairly low visibility it may take several milligrams to 
be recognized in this volume. 

With a compound like Pbl, of slight solubility but 
fairly pronounced visibility, the amount needed to 
produce visibility is small as compared with that 
needed to saturate the solution. Under these condi- 
tions the sensitivity of the test goes beyond the limits 
of simple solubility in water, and one can actually 
demonstrate a repression of solubility by common ion 
effect. On the other hand, with a compound like Pb- 
CrO, where the solubility is extremely low, even though 
the visibility factor is favorable the amount needed to 
saturate the solution may be small as compared with 
that needed for visibility, and thus visible precipitation 
will stop even before the limit of simple solubility is 
reached. 

The data for PbCrO, may be considered in greater 
detail as follows: In the fifteenth tube (the last to show 
faint opalescence fairly promptly), there was approxi- 
mately 0.025 mg. of Pb present, or the total concen- 
tration of Pb was 2.4 X 10-* M. From the molar 
solubility of PbCrO, (1.3 X 1077) one may calculate 
the solubility product to be 1.7 X 10-'4. The con- 
centration of CrO,-~ introduced by the K2Cr,0; was 
approximately 3.2 X 10-* (calculated on the assump- 
tion that the Cr,O;—~ is largely hydrated to HCrO,— 
and Kycros— = 3 X 10). According to the solu- 
bility product principle the concentration of Pbt+ 
needed to saturate the solution with respect to PbCrO, 
would be 1.7 X 107“ + 3.2 X 10-* or 5.3 X 107%. 
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Since the actual concentration of Pb++ was 2.4 x 
10~-*, practically all of this was probably converted to a 
precipitate. & 

In facing the problem of recognizing this quantity 
of lead precipitated as PbCrQu, it may be noted that 
PbCrQ, is yellow and that in very dilute solution it 
forms as a colloidal suspension of fine particles which 
settle out very slowly. The yellow color offers no 
help in recognizing the precipitate since the solution is 
moderately yellow in color from the small amount of 
K,Cr2O; present. The fine particles in suspension are 
too small to be recognized individually by the naked 
eye but they reflect sufficient light from their surfaces 
to produce an opalescence. In order that this effect 
may be recognized when near the limit of visibility the 
tube should be compared with a blank tube containing 
distilled water and the reagent. By making the obser- 
vation near a window, keeping the bottom of both tubes 
covered with a black cloth to eliminate reflections, and 
looking into the tubes from the top to give increased 
depth of layer examined, it is possible to carry the 
recognition of the precipitate about two tubes further 
than under less favorable conditions. It is evident, 
however, that the sensitivity of this precipitation 
test is limited chiefly by the invisibility of extremely 
small amounts of PbCrO, when suspended in 50 ml. of 
solution, and not by the solubility of the compound. 

It is interesting to note that while one cannot make 
full use of the insolubility of PbCrO, when attempting 
to test for lead under favorable conditions, this very 
low solubility does permit the test to remain moder- 
ately sensitive even under unfavorable conditions. 
This may be shown experimentally by using a series of 
dilutions of Pb(NOs)2 in which 5 ml. of 5 M HC10, is 
added to each tube, then 5 ml. of 0.017 M KeCr2Or, the 
final volume being 50 ml. The precipitate forms more 
slowly and is more flocculent in character than in the 
absence of the acid, but a definite precipitate is recog- 
nizable shortly in the sixth tube, and on standing over- 
night a visible precipitate is formed in the eighth tube. 

If one assumes the Cr,0;—~ to be largely hydrated to 
HCrO,-, the concentration of the latter would be 
0.033 M and the concentration of H+ would be 0.5 M. 
Applying the ionization constant for HCrO,-, one finds 
that the CrO,-~ would be 2 X 10-* M. Assuming 
the solubility product of PbCrO, to be 1.7 X 107"4, one 
finds that for saturation the Pbt+ should be 8.5 X 
10-* M. In number six, which precipitated fairly 
promptly, the total concentration of Pb was 1.2 X 107° 
M, and in number eight, which showed a faint precipi- 
tate on standing overnight, the total concentration of 
Pb was 3 X 10-4 M. Apparently a small supersatura- 
tion effect is present in the next tube, although such 
factors as the ionic strength of the solution and the 
changed visibility of the precipitate as formed under 
these conditions also play their parts. 

Returning to the consideration of PbCl, and Pblh, if 
supersaturation effects are eliminated as quite small in 
magnitude, there remain two other factors to be con- 
sidered in attempting to account for the difference be- 
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tween the actual precipitation experiments and the 
sensitivities expected from the application of the solu- 
bility product principle. The first of these is the ionic 
strength of the solution, the second involves the pos- 
sible presence in these saturated sclutions of interme- 
diate ions such as PbCl* and PbIt. 

Concerning the ionic strength of the solutions, it is 
well known that moderate concentrations of strong 
electrolytes increase the solubility products of slightly 
soluble salts due to the interference of the ions as 
charged particles with the freedom of motion of the 
ions of the salt in the solution. This effect is rather 
small, however, until the concentrations of the ions 
become fairly high, and should be the same for different 
ions so long as they bear the same charge. Concerning 
the possibility of secondary reactions, this is largely 
a specific effect. Thus it is common knowledge that 
many metals form precipitates with equivalent amounts 
of given reagents, but when excess of the reagent is 
added, the precipitate may dissolve in individual cases 
by some secondary reaction. Thus an amphoteric 
hydroxide such as lead hydroxide will precipitate when 
an equivalent amount of sodium hydroxide is added to 
a solution containing the simple positive ion of the 
metal, but the precipitate dissolves when more of the 
sodium hydroxide is added. Similarly, copper hydrox- 
ide precipitates with a limited amount of ammonium 
hydroxide but dissolves when more of the reagent is 
added. In these cases the dissolving of the precipitates 
involves the formation of plumbite ion from the lead 
hydroxide and copper ammonia ion from the copper 
hydroxide. In similar fashion excess of chloride or 
iodide ions may enter into the formation of complex 
ions of lead, ranging from PbCl*+ and PbI+ to PbCl,-— 
and PbI,—~ according to the concentrations of the 
halide ions. 

One simple set of experiments served to demonstrate 
interionic attraction effects as well as specific effects of 
individual ions which indicated the presence of second- 
ary reactions. The precipitation of PbI, with KI re- 
agent was carried out in the presence of each of the 
following accessory reagents: HClO., NHiNOs;, NH,Cl, 
and HCl. The usual serigs of dilutions of Pb(NOs)s 
was prepared with a volume of 40 ml. in each tube. To 
each tube was added 5 ml. of a stock solution of 5 M 
HCI1Q, and then 5 ml. of 0.25 MKI. After mixing and 
letting stand the sensitivity of the precipitation reac- 
tion under these conditions was noted and compared 
with that obtained in the absence of the HClO,. In 
a similar fashion the sensitivity of the precipitation 
reaction was studied in the presence of each of the other 
reagents. In the final solutions the accessory reagents 
were each 0.5 M since the 5 M reagents were each 
diluted tenfold. The results are summarized in Table 1. 

Since these dilutions of Pb(NOs3)2 were made up in 
such a way that each successive tube contained half as 
much lead as the next preceding one, these data show 
that in the presence of 0.5 M accessory reagent and 
with the indicated concentration of KI, the sensitivity 
of the precipitation reaction is reduced to 1/2 by the 


TABLE 1 
PRECIPITATION OF PBI: IN PRESENCE OF ACCESSORY REAGENTS 


Last tube 
to prt. 


Final concentration 
Accessory reagent 


025 


t) 
None 0. 
0.5 M HCIOs 0. 
0.5 M NHiNO; 0. 
0. 
0. 


-5 M HCl 


25 M 

5 M 

5 M 
0 5 M 
0.5 M NHACI M 


2. 
2 
2. 
25 


perchloric acid, 1/s by the ammonium nitrate, and 4/1. 
by the hydrochloric acid or the ammonium chloride. 
These figures are only rough approximations since the 
dilution steps are rather wide. More accurate data 
could be obtained by using solutions of Pb(NOs;)2 with 
smaller differences in concentrations; however, even 
with these rough data certain definite conclusions can 
be drawn. Perchloric acid is a strong acid supplying 
H+ and ClO,-, neither of which produces a marked 
effect on the sensitivity of the precipitation reaction. 
Since ammonium chloride and hydrochloric acid showed 
equal effects within the limits of the experiment, am- 
monium ion also may be considered to exert only a 
minor effect on the reaction. Nitrate and chloride 
ions, on the contrary, showed specific effects which sug- 
gest the formation in these solutions of such materials as 
PbNO;+ and PbClI+t, the ionization constant of the 
latter being smaller than that of the former. Thus, in 
the light of these experiments, it appears reasonable to 
assume that the perchloric acid acts essentially by 
supplying ions which exert only an interionic attraction 
effect, while nitrate and chloride ions have additional 
specific effects of the type just suggested. 

In the earlier experiments on the precipitation of 
PbCl, and PbIz some repression of solubility was ob- 
served due to common ion effect, but the magnitude of 
this was less than it should have been from solubility 
product considerations. The solubility products used 
in the earlier calculations were based on the assumption 
that in the solutions studied all the Pb, Cl, and I were 
present in the ionic form as Pb*+*, Cl-,andI-. It has 
just been shown that Cl- and I~ will combine to some 
extent with Pb*++ to form complex ions; therefore it is 
necessary to consider the presence of such ions in the 
saturated solutions of PbCl, and PbI;. For simplicity 
of treatment it may be assumed that they have the 
formulas; PbCl+ and PbI*+. If the ionization constants 
of these ions are fairly large, the concentrations of the 
complex ions in these solutions may be so small as to 
be negligible. But if the constants are small, then 
significant amounts of these ions will be present, and 
in that case the true solubility products must be lower 
than those calculated on the basis of the earlier assump 
tion. 

This may be stated mathematically in the following 
way. A saturated solution of PbCl, in water at 25°C. 
is 0.039 M. Thus the total concentration of Pb in this 
solution would be 0.039 M, and chlorine would be 0.078 
M. If in this solution the concentration of PbCl* is 
x and there are no other combinations of Pb and Cl 
present, the concentration of Pbt* is 0.039 — x, and 
that of Cl- is 0.078—<x. On this basis Lppc, = 
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(0.039 = x) > (0.078 = s)*; and Kppcit+ os [(0.039 —s x) 
X (0.078 — x) ]/x. 

It is obvious that the solubility data alone are not 
sufficient to determine how much of lead and chlorine 
may be present as PbCl*+; however, by combining 
with the solubility data the data of the precipitation 
experiments, it is possible to get approximate values 
for the ionization constants of the complex ions and 
correspondingly more accurate figures on the solu- 
bility products. Since PbCl, and PblI2 have fairly high 
temperature coefficients of solubility, it is evident that 
both the solubility determinations and the precipitation 
reactions should be carried out with thermostatted con- 
trol to make the two sets of data more accurately com- 
parable; however, the principle of the calculations may 
be illustrated by precipitation data for PbI; obtained 
over a period of several days in the spring when the 
room temperature ranged from 23° to 26° as compared 
with the solubility data for PbI, at 25° as given in the 
literature. 

To eliminate the possible effect of the nitrate ion, and 
to obtain more accurate limiting values for the sensi- 
tivity of the precipitation reactions, a standard solu- 
tion of Pb(ClO,)2 was prepared containing 50 mg. of 
Pb per milliliter, and portions of this were diluted to 
make two other solutions containing, respectively, 10 
mg. and 1 mg. of Pb per milliliter. Using a graduated 
pipet, measured portions of these solutions were placed 
in a 50-ml. graduate, diluted with water to 45 ml., and 
5-ml. portions of the KI reagent added with a pipet. 
After thorough mixing the solution was transferred to a 
footed test tube and let stand to observe the precipita- 
tion reaction. The sensitivity was determined in this 
way for three different concentrations of the potassium 
iodide, 1.0 M, 0.25 M, and 0.1 M, which after dilutions 
became 0.1 M, 0.025 M, and 0.01 M. These experi- 
ments are summarized in Table 2. 


TABLE 2 
SENSITIVITY OF PRECIPITATION OF PBI: FROM PB(CLO,)2 witH KI 


Final concentration Mg. Pb Mg. Pb 
of KI giving ppt. not ppting. 


0.1M 1.0 0.5 
0.025 M 1.5 1.0 
0.01 M@ 3.5 3.0 


Assuming that the tube in which no precipitate ap- 
peared was just saturated with respect to Pbl:, using 
the last column in Table 2, it will be seen that when the 
total concentration of I is 0.01 M and the total concen- 
tration of Pb is 2.9 X 10~‘ M, the solution is just sat- 
urated. In this case if y is the concentration of PbIt 
(no other complexes present), [Pb++] = 2.9 X 10-4 
* — yand [I-] = 0.01 — y. 

Lepr, = (2.9 X 10-4 — y) X (0.01 — y)? 
+ _ (29 X 10-4 — y) (0.01 — y) 
¥ 


Using the data for a saturated solution of PbI; in water 
at 25°C. (molar solubility = 1.7 X 10-) and assuming 
the concentration of PbI* in this solution to be x, the 
following relations will hold: 


Total concentration 
Pb not ppting. 
4.8 X 1075 
9.7 X 1075 
2.9 X 104 
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Lepr, = (1.7 X 10-3 — x) X (3.4 X 10-3 — x)? 


+ — (1.7. X 10-8 — x) X' (8.4 X 10-3 — x) 
x 





Kpvr 


By testing several different arbitrary numbers as pos- 
sible values for Kppi+, calculating the corresponding 
values for x and y, and substituting in the two expres- 
sions for Lpp1,, it is possible to arrive rather quickly at a 
value for Kppr+ which will give the same value for 
Lppr, from the two different equations. These calcula- 
tions for the three different concentrations of KI are 
summarized in Table 3. 


TABLE 3 


Catcuations or LpbI, BASED ON PRECIPITATION OF Pal, FROM PB(CLO)), 
SOLUTIONS AND SOLUBILITY OF PsI, IN WATER 


Lpbiz 
from 
solubility 


1.96 X 1078 
1.82 x 1078 
1.72 X 1078 
1.17 X 1073 
8.5 xX 107 
2.63 X 1079 
1.96 X 1078 
1.82 X 1078 
-72 X 1078 
.17 X 1078 
-5 X 1079 
-63 X 1079 
-96 X 1078 


Concen- Assumed Corresponding Corresponding Lpbiz 
tration, value for PbI*+ in PbI* in 
KI 


Kppi* pobins. solubility 
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In these calculations it will be noted that for 0.01 
M and 0.025 M KI the apparent value for Kp 1+ lies 
between 0.005 and 0.001, while for 0.1 M KI it is less 
than 0.001. This suggests the probability that with 
larger excess of KI, other complexes may be formed toa 
significant extent. On this basis the value obtained 
from the more dilute solution should be closer to the 
correct figure, and may itself still be too small. 

The corresponding experiments on the precipitation 
of PbCl, with varying amounts of HCl were made 
during some warmer days in late June when the aver- 
age temperature in the room was approximately 
30°C. For these experiments, therefore, it is neces- 
sary to study the precipitation data in relation to the 
solubility of PbCl, at 30°, 4.2 X 10-2 M. The pertinent 
data are given in Table 4. 


TABLE 4 
SENSITIVITY OF PRECIPITATION OF PBCL2 FROM PB(CLO«4)2 witH HCL 


Mg. Pb Mg. Pb Total concentration 
of HCl giving ppt. not ppting. Pb not ppting. 
0.5 M 80 70 6.8 X 1073 
0.2M 150 125 9.7 X 1073 
0.1M 400 375 3.4 X 1072 


Final concentration 


If one assumes, as in the case of PblI,, that the solu- 
tion which fails to give a precipitate is essentially just 
saturated with PbCl, then one can carry out the same 
type of calculations for Lppci,, based on assumed values 
for Kpycr+, as for Lppy,. The results are given in Table 5. 

In these calculations it is seen that the results for 0.1 
M HCI are inconclusive, that for 0.2 M HCl Kppci 
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TABLE 5 


CALCULATIONS OF LPbCl, BASED ON PRECIPITATION OF PBCL, FROM Ps(Crs0)2 
SOLUTIONS AND SOLUBILITY OF PBCL2 IN WATER 
LPpble 
from 
pobin. 
10~4 
104 


LpbCle 
from 
solubility 
10~¢ 
1074 
1075 
1075 
1074 
1074 
1075 


Concen- Assumed Corresponding Corresponding 
wation, value for PbCl*in PbCI* in 
HCl Kppcit pbins. solubility 


0.1M 
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appears to lie between 0.05 and 0.01, and that for 0.5 
M HCl Kppci+ is less than 0.01. It is probable that 
this progressive shift involves some formation of other 
complexes, although it is to be noted that in the last 
case the concentration of HCl is such that recognizable 
interionic attraction effects will take place. 

The experiments thus far have dealt with the sensi- 
tivity of the precipitation reactions when excess of the 
halide ion has been added to dilutions of the lead salts. 
It will be interesting to reverse this process and add 
varying amounts of Pb(ClO,)2 reagent to decreasing 
concentrations of HCl and of KI. When the experi- 
ment was actually tried, the results at first appeared to 
be rather startling. Because of the general similarity 
of the two cases, the experiments were carried out only 
for PbIy. Series of dilutions of KI were prepared and 
sufficient Pb(ClO,)2 reagent was added so that in three 
cases the final concentrations of Pb were 0.01 MM, 
0.025 M, and 0.1 M. There was surprisingly little 
difference in the sensitivity of the three precipitation 
reactions. The results are summarized in Table 6. 


TABLE 6 


SENSITIVITY OF PRECIPITATION OF PBI2 FROM KI SOLUTIONS WITH VARYING 
AMOUNTS OF PB(CLOs,)2 


Final concentration Mg. I Mg. I 
of Pb(C104)2 giving ppt. not ppting. 


0.01 M 14 12 
0.025 M 14 12 
0.1M 16 14 


Total concentration 
I not ppting. 


1.9 X 1073 
1.9 X 107% 
2.3 X 1073 


The explanation for these curious results is found in 
the presence of PbI* in these solutions with its ioniza- 
tion repressed by the excess of Pb*++ introduced. This 
is essentially the reverse of the preceding cases, except 
that with Pb+* introduced in excess only the one com- 
plex ion needs to be considered. The calculation of 
Kppr+ and of Lppr, may be carried out exactly as before. 
The results are given in Table 7. 

By comparing these values for Lppr, it will be ob- 
served that they will become practically identical when 
Kppr+ lies between 0.05 and 0.01 in all three cases. 
The absence of any significant shift as the concentra- 
tion of Pb(ClO,)2 increases, as compared with the de- 
crease in apparent value of Kppy+ with increasing con- 
centration of KI in the reverse experiments, reinforces 
the belief that with excess KI other complex ions may 
be formed in increasing amounts. Also it appears that 
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TABLE 7 


CaLcuLatTions oF Lpplz2 BASED ON THE PRECIPITATION OF PBI: FROM KI 
SOLUTIONS AND SOLUBILITY OF PBI: IN WATER 


Assumed 
Concentration, value for 
Pb(C10,)2 Kppvit 


0.1M 


Lpbi: from 
solubility data 


96 X 1078 
82 X 1078 
72 X 1078 
17 X 1078 
1078 
1078 
1078 
1078 
1078 
1078 
1078 
1078 


LPpblz from 
prin. data 


Corresponding 
[Pol *]in pptns. 
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the concentrations of the solutions are too low to show 
significant interionic attraction effects. 

As a final set of experiments in this field, a more ac- 
curate study of the effect of accessory reagents was 
carried out. The same accessory reagents were used 
as before—namely, 0.5 M HClO., NH4NO;, HCl, and 
NH,Cl—and the precipitation of PbI, was carried out 
both in the presence of excess of KI and with excess of 
Pb(C1O,)2, except that HCl and NH,Cl could not be 
tried in the latter case due to precipitation of PbClp. 
The results are given in Table 8. 


TABLE 8 
PRECIPITATION OF PBI2 IN THE PRESENCE OF ACCESSORY REAGENTS 


Concen- Mg. Pb Concen- Mg. I 
tration of Mg. Pb not trationof Mg. I not 
Dobting. pdting. Pb(ClOs)2 podting. ppting. 


0.01 
0.025 


Accessory 
reagent 


None 


Re N 
a 


0.5 M HClOs 


se~-se Ma 
a 


.O1 
025 
0.5 M NHNOs : 


1 
25 


Noe 
oO 


0.5 M HCl 


noe 
a 


0.5 M NH.Cl 


eessssssssssoss 
Noe 
a 


reoorooroor 


* In these cases a moderate amount of PbI: formed locally as the KI was 
added, but it dissolved very largely after mixing and standing a short time. 
Any final precipitate was light yellowish gray, suggesting a double salt of 
PbCl2: PbI2. On decanting the solution, adding a little water, and shaking, 
the precipitate changed io the bright yellow of Pbl. 


Examination of these data show that HC1Q, affects 
the sensitivity least, NH,NO; next, and HCl and NH,Cl 
the most, with NH,Cl showing slightly greater effect 
than HCl. Further, the effects are less pronounced 
with the higher concentrations of the precipitating 
agents than with the lower concentrations. 


SUMMARY AND CONCLUSIONS 


1. The following factors have been examined in re- 
lation to the sensitivity of the precipitation tests for 
lead involving the formation of PbClk, PbI2, and Pb- 
CrO,: solubility, common ion effect (solubility prod- 
uct), supersaturation, and visibility. In the cases of 
PbCl, and PbI; attention has been given to the exist- 
ence of complex ions such as PbCl+ and PbI* and the 
effect of these on the apparent values for Lppc, and 
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Lpp,. In the case of PbCrO, the effect of 0.5 M 
HCI10, on the sensitivity of the test was tried. The 
effects of 0.5 I HClO, NHiNO3, HCI, and NH,Cl were 
studied in the precipitation of PbI, with excess KI, and 
the first two of these reagents in the precipitation of Pb- 
I, with excess Pb(C10,)2. 

2. For compounds of slight to moderate insolubility, 
as exemplified by PbCl, and Pbl», there is a fair corre- 
lation between the sensitivity of the precipitation test 
and the solubility of the compounds. In the more in- 
soluble range, as shown by PbCrOQ,, the sensitivity of 
the precipitation test is not as great as the insolubility 
would appear to indicate. 

3. The failure of the PbCrO, test before extreme 
dilutions are reached is accounted for by a “visibility 
factor.’”’ Even though visibility conditions are rather 
favorable in the case of PbCrO,, it takes 0.01-0.02 
mg. of Pb to produce a recognizable opalescence in 50 
ml. of solution. About 1/39 this amount would corre- 
spond to simple solubility of PbCrO, in water, or less 
than 1/1000 this figure would correspond to the value 
from solubility product considerations. In this case, 
therefore, the solubility is negligible in comparison 
with the amount required for visibility. 

4. The precipitations of PbCl, and PbI, with excess 
HCI or excess KI take place with concentrations of Pb 
lower than would be predicted from the simple solu- 
bilities of these compounds in water. This suggests 
two points: (a) the amount needed to produce visi- 
bility in these two cases must be small as compared 
with that needed to saturate the solution, and (b) there 
has been a definite repression of solubility by the com- 
mon ion effect. 

5. When the solubility product principle is applied 
to the precipitation of PbCl, and Pblk, it is found that 
both tests are less sensitive than would be expected. 
This is true both in the precipitation in the presence of 
excess halide ion, where some repression of solubility 
is observed, and in the precipitation of PbI, with ex- 
cess of Pb(CIO,)2 where no repression of solubility is 
recognized. 

6. The apparent failure of the solubility product 
principle is examined in the light of (@) super- 
saturation (addition of crystals of PbCl, or PbI: failed 
to produce precipitates in tubes where the tests had 
stopped), (6) interionic attraction (0.5 M@ HCIO, de- 
creased the sensitivity of the test with excess halide ion 
by about 50 per cent), and (c) formation of complex 
ions such as PbCl+ and PbIt (investigated mathe- 
matically by comparing the data from precipitation 
reactions with the solubilities of PbCl, and PbI, in water 
at essentially the same temperatures). 

7. The apparent values for Kppci+ and Kpp1+ may 
be summarized as follows: From the precipitation of 
PbCl, with excess HCl, Kppci+ appears to be interme- 
diate between 0.05 and 0.01. From the precipitation 
of PbI, with excess KI, Kpp1+ appears to be approxi- 
mately 0.005 or to lie between this and 0.001. From 
the precipitation of Pbk, with excess Pb(C1Q,)2, how- 
ever, Kpp1+ appears to lie between 0.05 and 0.01. Any 
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factors which make the apparent solubility too high in 
the precipitation experiments will operate to give too 
low values for Kppci+ and Kppr+. Thus a small degree 
of supersaturation, additional solubility due to inter. 
ionic attraction, and the formation of other complex 
ions in addition to the one postulated, will all work in 
this direction. In the experiments on the precipitation 
of PbCl, with excess of HCl, and PbI2 with excess of 
KI, all three of these are operating to some extent, 
Therefore from all these facts it would appear that the 
values derived from these two sets of data are definitely 
low. 

On the other hand, in the experiments on the pre- 
cipitation of PbI; with excess Pb(C1O,)2 the supersat- 
uration and interionic attraction effects are probably 
not significantly different from those when Pbl is pre- 
cipitated with excess KI, but the possibility of increased 
solubility due to the presence of other ions has been 
considerably reduced. It is to be noted that the value 
for Kppi+ calculated from these data is distinctly 
greater than that from the reversed experiments, 
This fact reinforces the belief that supersaturation and 
interionic attraction effects are both quite small 
within the range of these experimental conditions. 
On this basis it would appear that the value for Kpy}+ 
obtained from the later experiments is probably only 
slightly below the correct figure. One might guess 
from these facts that Kppci+ must be close to 0.1, and 
Kppi+ close to 0.05. (Incidentally, the values given 
by Latimer in his book, ‘‘Oxidation Potentials,’’ are 
7.75 X 10-? and 3.45 X 107%, respectively, based on 
the work of FRoMHERZ, Z. phys. Chem., 153, 321, 376, 
1931.) 

8. The experiments on the effect of accessory re- 
agents on the sensitivity of the precipitation reactions 
point clearly to the existence of the ion PbNO3* with 
an ionization constant somewhat larger than that of 
PbCl*+. In the case of ClO.-, however, it appears 
reasonable to assume only interionic attraction effects 
and no formation of such an ion as PbClO,*. This is 
in accord with the conclusions of Fromherz, based on 
his study of the absorption spectra of these several 
solutions. 

9. In the precipitation test for Pb with HCI or KI, 
the main factor in the sensitivity is the solubility prod- 
uct of PbCl, or PbI2, modified by the existence of the 
intermediate ion, PbCl+ or PbI*+. Supersaturation 
effects appear to be negligible, and interionic attrac- 
tion effects only start to be significant in the presence of 
0.5 M reagents. 

10. In the precipitation test for Pb with K2Cr.0;, 
the visibility factor is the most important one, although 
solubility product calculations will show the proper 
order of sensitivity of the test in the presence of HC1O,. 

11. The difference in effectiveness of KI and of 
Pb(C10,)2 in repressing the solubility of PbI: lies in the 
fact that in Kppy+ and in Lp), the concentration of I~ 
appears as a first power and as a second power factor, 
respectively, while in both cases the concentration of 
Pb** is a first power factor. 
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Plants Hold the Basic Patents 


EDMUND W. SINNOTT 


Yale University, New Haven, Connecticut 


AN you imagine a marvelous liquid pumped into the tank 

of your car which would not only give it motive power but 

would service it, repair it, and provide the means for transforming 
it into next year’s model? 

If you can imagine this, then you will have a fair picture of 
what food does for your own body and for that of every living 
thing. These bodies are complex organic machines, and food is 
the stuff which provides the fuel to keep them running and the 
material from which they are built and repaired. The problems 
of what food is, whence it comes, and how it is used in the growth 
and activity of living things are therefore among the most funda- 
mental ones in biology and are particularly important in a world 
where millions of people still go hungry. 

One of the most important facts about food, but one which 
fails too often to be recognized, is that all food is made by plants. 
In plants alone are produced those basic chemical compounds 
from which every kind of food must come. Out of the relatively 
simple compounds produced in plants there are then built, in the 
bodies of animals which eat the plants, a host of more complex 
substances; but these simple compounds themselves are made 
only by plants. Plants hold, so to speak, the basic patents 
upon which not only the food supply of the world, but also all 
other products of living things, are manufactured. There is 
solid scientific truth in the familiar remark that all flesh is grass. 

Notable among these patents is the one which plants use for 
making sugar out of water and the carbon dioxide gas of the air. 
This union is brought about only through the agency of the all- 
important substance called chlorophyll—the pigment which makes 
plants green—and by the energy of light. Glucose, the simple 
sugar formed in this way, is the basic material from which 
starch, cellulose, and the other carbohydrate substances are 
made, so that from green plants come most of the staple energy 
foods of mankind. The practice of agriculture is primarily the 
exploitation of this fundamental food-making ability of green 
plants. The process itself, which yet we are unable to duplicate 
in the laboratory, is also of the utmost scientific interest and is 
being studied intensively by botanists, biochemists, and bio- 
physicists. 

Another basic patent held by plants is used in the making of 
proteins. These substances, produced by the union of nitro- 
gen compounds with carbohydrates, are important since they are 
necessary for the growth and repair of living tissues, which them- 
selves are mostly made of proteins. Proteins are extremely com- 
plex, but they are all built from a score or so of relatively simple 
nitrogen-containing substances called amino acids. Those es- 
sential for human nutrition are made only by plants. All the 
milk, meat, eggs, and other such protein foods which we obtain 
from animals have their original source in the plants which these 
animals eat. 3 

Many colorless plants as well as green ones can make proteins, 
and light is not necessary in the process. Yeasts (which are 
plants) have, for example, come to be used in the last two or three 
years for the production of great amounts of protein from molas- 
ses, distillery wastes, and other materials. A whole new indus- 
try and source of food for men and domestic animals is thus being 
developed which will be of great importance in regions like the 
West Indies, where these materials can be produced so cheaply. 

Other tiny plants, the bacteria, some living free im the soil and 
others in the root nodules of beans, soys, and similar crops, hold a 
third basic patent, that for taking nitrogen directly from the 
immense supplies of it in the atmosphere and converting it into 
protein, something that higher plants cannot do since they 
must get their nitrogen only from compounds in the soil. 

This is what makes members of the legume family, which har- 
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bor these bacterial guests, so important to man and the econ- 
omy of nature generally; and their proteins, thus made from 
sugar and air, are of increasing importance in our diet. Here 
also is a hopeful source of other raw materials. Soys alone 
already yield almost everything from meat substitutes to door 
knobs! 

In recent years still another group of substances essential in 
nutrition have been found to owe their origin to plants—the 
vitamins. Vitamin A is related to the yellow pigments associ- 
ated with chlorophyll. The B vitamins, some of the names of 
which are now household words, cannot be made in the bodies of 
animals or man, but in nature have their source entirely in plants. 
So does much of our supply of vitamins, C, D, E, and K. An 
understanding of these facts holds great promise for better health 
of the human race through a wiser choice of foods. .It has re- 
cently been found that plants as well as animals use vitamins in 
their metabolic machinery, and a study of their formation in 
plant cells and their role in nutrition has led to important dis- 
coveries in some of the fundamental bodily processes which are 
common to all living things. 

Finally, plants are notable for the healing substances which 
they alone can make. Herb doctors were the first botanists. 
Drugs of all sorts have long been obtained from the vegetable 
kingdom. In recent months this curative power of plant prod- 
ucts has been emphasized by the discovery of the wonderful new 
drug penicillin, formed by a simple plant mold. 

This is only a beginning, for streptomycin, streptothrycin, 
and other substances from lowly plants may prove even more 
important in the control of infections and disease. 

These unique abilities of plant tissue to bring about the basic 
chemical unions which underly all organic compounds are im- 
portant in the production not only of food and healing agents but 
of many other things. Wood, fibers, rubber, and hosts of other 
products have long been the concern of agriculture and forestry, 
and will continue to be. 

In recent years, however, a new and significant field for the 
use of plant products has been opened through the immense 
progress made in synthetic chemistry. We have learned that 
rubber can be produced in a factory as well as in a rubber tree. 
Fibers, plastics, and a host of similar things are now the prod- 
ucts of industry as well as of agriculture, and in the years which 
lie ahead this fact promises great changes in our economic life. 
The postwar world may be largely built of new synthetic mate- 
rials. Give a chemist sugar or cellulose or the simple compounds 
formed from them and he can make almost anything under the 
sun. But—and here is the significant fact—he must have one of 
these simple plant-made compounds to begin with. The cleverest 
chemist is not yet able to perform these basic syntheses on which 
all else depends, nor does it seem likely that he will do so for a 
long time, at least on a commercial scale. We must still depend 
on the cheap labor of sun and soil and leaf for many of the raw 
materials of industry. 

We shall probably have to turn to this same source in the future 
for another great need as well—the power to run our mechanized 
civilization. Coal and petroleum, derived from plants of ages 
past, will not last forever, and as they become scarce, the prod- 
ucts of plant life today, rich in energy locked up in them from 
the sun, will be invaluable. Alcohol, already an important 
fuel, can now be made from sawdust and other plant wastes at 
the rate of about 50 gallons per ton, and petroleum-like com- 
pounds are produced from the same source. 

All this means a new direction in the near future for the de- 
velopment of agriculture and forestry. We shall more and more 
use the synthetic ability of plants not simply for foods or for 





specific industrial materials but for those simple and really basic 
raw materials like sugar, starch, cellulose, and proteins from which 
the industrial chemist can in turn makesomuch. Here the whole 
plant can be used, including much material which is wasted to- 
day. In this new program forestry will have increased signifi- 
cance, for an acre of trees makes considerably more actual plant 
product per year on the average than an acre of cultivated 
crops. The tropics with their high temperatures and other 
favorable conditions for plant growth will more and more attract 
the attention of producers for agriculture and industry. The 
immense reservoir of plant life in the sea, still untouched by man 
save in the use of fish and other animals which live on marine 
plants, is destined to be of ever greater economic importance. 

All these sources present many problems to the student of 
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plants, for they all depend on the unique productive capacity of 
members of the plant kingdom. Surely there are few places 
where fundamental research is likely to yield richer returns than 
on this question of the ability of those tiny laboratories, the cells 
of plants, to perform the basic chemical unions on which life and 
civilization so depend. We still have far to go in knowledge of 
biochemistry and biophysics before we shall understand some of 
the simplest activities of living things. In this fertile field plant 
scientists and their collaborators have already made good prog- 
ress, but the biggest problems are still unsolved. In finding 
answers to them we shall not only contribute to man’s economic 
welfare but—what is perhaps more important—we shall gain a 
clearer insight into the mysterious processes of life itself. There 
is good hunting ahead. 


Reprinted with the permission of the United States Rubber Company. 


Industrial repercussions of the atomic bomb will not achieve 
full force for many decades, but they will begin immediately. 
Even without the fabulous possibil- 
ities of atomic fission as a power 
source, the mere fact that thousands 
of sceintists have for four years con- 
centrated their efforts in a relatively new field will produce many 
opportunities for industrial development. 

During the war applied nuclear physics has grown to a major 
science, and one can assume that use of its principal early contri- 
bution to other sciences—tracer elements for determining the 
fate of particular atoms in complex physical or chemical changes— 
will be greatly expanded. A tracer element is an ordinary element 
which has artificially been made radioactive. Iron, for instance, 
may be made radioactive and then mixed in small proportion 
with ordinary iron. In all chemical or physiological reactions 
these two kinds of iron will remain together in the same propor- 
tion and behave similarly, the sole difference being that the radio- 
active iron gradually will emit radiation and in doing so can be 
identified by physical instruments, revealing the location of the 
main body of ordinary iron. Thus the course of the iron may be 
traced, for instance, from ingestion of an iron compound to de- 
position of the iron in the red blood corpuscles and eventual deg- 
radation of these corpuscles. There is no other equally practical 
method for identifying the iron ingested at a given time. This 
particular tracer element was used in the wartime research on the 
preservation of whole blood, which ultimately made it possible 
to store blood for later transfusion many times longer than the 
five days which had previously been the limit. 

Tracer elements have been used principally in physiological re- 
search, including studies of plant nutrition, but a beginning has 
been made in their use in metallurgy and other fields. In metal- 
lurgy, the movement of particular atoms from one location to 
another is of dominant importance in treatments such as anneal- 
ing. 

Because of the wartime research and production operations 
utilizing atomic fission, radioactive materials will be available in 
quantities and by methods previously unknown. These new sup- 
plies, together with the growth in scientific familiarity with the 
subject, will probably greatly expand research on the therapeutic 
applications of radioactive materials. In general, the emissions 
of these materials are more injurious to abnormal growths within 
the body than to normal growths. It is often possible, by using 
an artificial radioactive form of an ordinary element which is car- 
ried by normal body processes to a particular site, to produce ra- 
dioactivity at the desired time and at the required place. Thus 
radioactive iodine has recently been found an effective treatment 
for Graves’ disease, a thyroid disorder causing abnormally high 
metabolic rate. 

The commercial extraction of molybdenum, present to the ex- 
tent of one-half per cent in its ore, has been considered an indus- 
trial triumph. The chemical separations developed in the Man- 
hattan Project would appear to be of a tremendously greater or- 
der of difficulty. It can be presumed that many of the techniques 
will be valuable in obtaining supplies of rare elements which have 
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not previously been commercially important, and perhaps also 
in facilitating extraction of some of the more common elements. 

The most far-reaching potentiali- 
ties of atomic fission lie in its possible 
use as a power source. By virtue of 
wartime research, atomic power has 
come closer to reality but is not yet really close. In general, the 
heaviest atoms are quite rare and are the ones that break 
down naturally into lighter, more stable elements; indeed, 
they are rare because a large share of them has already dis- 
integrated in the course of geological time. It is possible to 
hasten the disintegration of these unstable elements to the point 
where it takes place instantaneously, releasing at once a tremen- 
dous amount of energy. However, the effort put into obtaining 
these rare materials is now greater than the energy obtained. 
With the materials and processes now available, considerable fur- 
ther development will be necessary before it is possible to obtain 
useful power except for the most specialized purposes, notably the 
atomic bomb. 

With the cyclotron and other methods it is not possible to 
cause the disintegration of minute proportions of more common 
elements. In effect it is possible to strike sparks from these ma- 
terials but not to start a fire, a self-supporting disintegration re- 
leasing energy at a useful rate. When it does become possible to 
start and control such a fire, the age of atomic power will have 
dawned. 

When that day comes the world will not become a workless Uto- 
pia. Atomic fission may, in fact, some day supply unlimited 
amounts of virtually free energy, but energy in the form of fuel 
is now neither scarce nor expensive. The fuel cost of a kilowatt- 
hour of electricity is only a minor part of the total cost, and the 
share contributed by electricity to the final cost of most consumer 
goods is minute. In 1940, of a total United States labor force of 
50,000,000, only 700,000 were engaged in producing fuels. Far 
more workers were making energy-conversion devices such as 
stoves, electrical equipment, and automobiles; and some 18,000,- 
000 were engaged in distribution and service trades which could 
hardly be greatly affected by a new power source. The availa- 
bility of atomic power, however, by ending dependence on coal 
and petroleum as fuels, could cancel the economic advantages of 
areas now possessing these fuels and might eventually make the 
whole world equally desirable from an economic viewpoint. 

The availability of a practically weightless fuel could well have 
revolutionary effects in special fields, particularly transportation, 
where speed and range of aircraft (or space craft) would become 
unlimited by problems of power supply. If really cheap and un- 
limited energy should become available, it would permit consid- 
eration of projects which are now out of the question, such as re- 
making large areas of the earth’s surface. Even with such an en- 
ergy source, however, it would still be necessary to develop and 
make energy-conversion devices appropriate to particular appli- 
cations, just as it was necessary to develop the steam engine be- 
fore the energy of coal could be used mechanically.—Reprinted 
from the Industrial Bulletin of Arthur D. Little, Inc. (September, 
1945). 
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Here and There in the Trade Literature 


NEWCOMER on our list of periodicals is Photo 
Memo, which is described by its publishers (Stand- 
ard Oil Company) as “‘a capsule introduction to the file 
of pictures on tap in our New York office.’’ Number 1, 
October, 1945, contains a varied and interesting col- 
lection. We were especially impressed by a four-page 
pictorial story of ‘“The men who find oil.” From the 
start of the prospecting trip in four canoes on the 
Mackenzie River to the erection of the oil tower over 
barren sand and rock, each step is portrayed. 


“The tin supply” is discussed critically by W. E. 
Graham in the November Crown, and ‘‘The chemist’s 
page’’ is devoted to river water as a source of supply for 
beverage manufacture. 


If you are nautically minded, you should read about 
the new molded plastic boats in the October Bakelite 
Review. The regular page of ‘‘Postwar products” is 
always interesting. 


The Humble Way, for September-October, has a good 
article on ‘‘Product horizons,” telling how superior 
civilian products, resulting from wartime research, are 
flowing from quickly reconverted refineries. Another 
article describes how precision instruments make the 
heavy control of refinery units easy to skilled hands. 


“Polyvinyl butyral and its many uses” are discussed 
in the Monsanto Magazine for October. Another at- 
tractive title is ‘“Dew distilled from rainbows: We call 
it honey.” Chemistry is put at the service of the bee- 
keeper in a number of ways. 


The story of petroleum is begun in the October- 
November Shell News in the first of a series of historical 
articles under the title of ‘‘Oil through the ages.” 


The fall number of Research Today is chiefly devoted 
to ‘‘Digitalis-like substances,” with some sound or- 
ganic chemistry as well as some beautiful color pic- 
tures of toxin sources—seeds, plants, even toads. 


The second part of a continued article on structure 
control of gray cast iron is one of the features of the 
latest (summer) number of the Vancoram Review. 


The following ‘Big attraction” is taken from the 
November Westinghouse Newsfront: 


The horseshoe magnet you once used to pick up nails exerted 
a “‘pull’’ of at most a few ounces on any metal placed near it. 
Picture then a magnet about 40,000 times more powerful than 
this toy, and you have an idea of the strength of the electro- 
magnet designed and built by Dr. J. E. Goldman, young physicist 
. the Westinghouse Research Laboratories in East Pittsburgh, 

a. 

Dr. Goldman’s magnet, a U-shaped core of iron wound with 
many thousand turns of copper wire, is capable of exerting a 
pull of some 4000 pounds—more strength than is contairied in 
the giant lifting magnets used in handling scrap iron. But al- 
though it could raise an automobile several feet off the ground 
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if called on to do it, the magnet was developed for more important, 
if less spectacular, jobs. 

Certain important wartime projects, for example, urgently 
needed permanent magnets of very high strength. These in turn 
required a device powerful enough to effect the magnetic ‘‘trans- 
fusion.” With a maximum two-ton attraction between pole 
pieces spaced one-half inch apart, Dr. Goldman’s electromagnet 
helped provide super-powerful permanent magnets for these 
projects. 

The magnet gets its mighty pull from electricity flowing 
through two coils of copper wire wound 6400 times around an 
iron core. To carry off the enormous heat generated by this 
current—28,000 watts in all—Dr. Goldman has to circulate 15 
gallons of oil a minute through the coils. 

Although a wartime aid, the electromagnet will be used pri- 
marily in the development of new and stronger permanent mag- 
nets. In aircraft instruments stronger permanent magnets mean 
lighter ones, thus making possible a highly desirable saving in 
weight and size. The same holds true for electrical integrating 
instruments—such as the watthour meter in your home. 

The magnet may also help to clear up the basic physical 
processes that cause magnetism—a subject that is still somewhat 
a mystery to scientists. It should prove valuable in the study 
of alloys that have magnetic constituents and in the chemical 
separation of solutions and mixtures. In fact, wherever magnetic 
fields are present, Dr. Goldman’s powerful electromagnet will 
probe for the answers to many questions still puzzling physicists. 


There is “Oil behind the Andes,” according to the 
November Ethyl News—much more, it is said, than has 
already been produced, if the Andes can be conquered. 
There is also an historical article which tells how pe- 
troleum was put to many strange and fascinating uses 
for centuries before the world recognized its true worth. 


“The battle of the laboratories” is a résumé of the 
ways in which war laboratories contributed to the vic- 
tory; the nucleonic (atomic) bomb is only one of the 
items described in The Laboratory, Volume 15, Number 
5. 


A special issue of The Kelloggram is concerned en- 
tirely with “new products and techniques proved in 
U-235 separation (which) bring immediate benefits to 
industry.” It is a good contribution to the growing 
literature on this scientific and technical subject. 


Do you know “‘What happened to Japan’s oil supply?” 
The Lamp in its October number, tells how ‘‘in the South 
China Sea she lost the stolen oil of the Indies, and with 


it her hope of victory.’”’ Along the same general line 
is another, beautifully illustrated in color—‘‘The back 
door into China’’—tells how the Chinese lifeline took 
to new routes across Burma from India, after having 
been blockaded elsewhere. 


We hope you like the following as well as we did; 
it is taken from the last issue of Silicate P’s and Q’s: 


Charles Kettering knows a lot about scientific research. He 
should; he has been Vice-President of General Motors in charge 
of that activity for a long time. Not long ago he told about a 
doctor in a medical school who was bidding farewell to his 
graduating class after four years of lectures. ‘I am sorry this 
is the last time we are to be together,” he said. “You have 
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been a good class. I have given you the best instruction I 
could. I have told you the best books to read. Now I want to 
tell you something to remember. I am afraid ahout half of what 
I have taught you isn’t so.’”’ There was a dramatic pause; 
then—‘‘But that doesn’t worry me so much. What concerns 
me is that I don’t know which half it is that is wrong.” 

The good doctor exaggerated a little and yet much of research 
is like that. Long before the full answer is available an emer- 
gency arises and someone with only a few facts at hand must 
make decisions to meet the difficulty in the best way possible. 
It would be nice if we could wait until a staff of investigators 
unearthed all the facts but that isn’t the way things happen. 


One of the economic consequences of enormous ex- 
pansion is brought out in the September Industrial 
Bulletin. The aluminum and magnesium industries 
have both been expanded during the war to the point 
where production greatly exceeds normal demand. 


Television again, this time in the fall edition of Inco 
in an article entitled: ‘You can bring the world to 
your living room.” 

The Socony-Vacuum News for October describes an 
improved method for extracting oil from shale. 


So that trade literature can be cited in any issue 
without giving the name and address of each individual 
periodical’s company, we are printing below for future 
reference a list of all the trade magazines that come to 
the Editorial Office. The second part of the list is a 
supplement to the first which appeared on page 94 in 
the February, 1945, issue of THis JOURNAL. Any fur- 
ther additions will be mentioned in a later edition in 
this column. 


TRADE PERIODICALS RECEIVED IN THIS OFFICE 


Allied News—Allied Radio Corporation, 833 West Jackson 
Boulevard, Chicago 7, Illinois 

Alloy Pot—New Jersey Zinc Company, 160 Front St., New 
York 7, N. Y. 

Aminco Laboratory News—American Instrument Company, 
8030-8050 Georgia Ave., Silver Spring, Maryland 

Bakelite Review—Bakelite Corporation, 30 East 42nd St., New 
York, N.Y. 

Bausch & Lomb Magazine—Bausch & Lomb Optical Company, 
Rochester, New York 

Cenco News Chats—Central Scientific Company, 1700 Irving 
Park Rd., Chicago, Illinois 

Ciba Review—published in Switzerland by the Society of Chemi- 
cal Industry in Basle, represented by Ciba Company, 627 
Greenwich St., New York, N. Y. 

Clinical Excerpts—Winthrop Chemical Company, 170 Varick 
St., New York 138, N. Y. 

Copper Alloy Bulletin—Bridgeport Brass Company, Bridgeport, 
Connecticut 

Curves and References—Wilkens-Anderson Company, 111 N. 
Canal St., Chicago, Illinois 

D-H Alloy Craftsman—Driver-Harris Company, Harrison, New 
Jersey 

Dow Diamond—Dow Chemical Company, Midland, Michigan 

Du Pont Magazine—E. I. du Pont de Nemours & Company, 
Wilmington, Delaware 

Dutch Boy Painter ape Lead Company, Room 1815,111 

Dutch Boy Quarterly Broadway, New York 6, N. Y. 

Dyestuffs—National Aniline Division, Allied Chemical & Dye 
Corporation, 40 Rector St., New York, N. Y. 

El’ Chem—Electrochemicals Department, E. I. du Pont de 
Nemours & Company, Niagara Falls, New York 

Electromet Review—Electro Metallurgical Company, 30 East 
42nd St., New York, N. Y. 
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Erpi Film News—Encyclopaedia Britannica Films, Inc., 1841 
Broadway, New York, N. Y. 

Esso Oilways—Penola, Inc., 26 Broadway, New York, N. Y. 

Foote Prints—Foote Mineral Company, 1609 Summer St., Phila- 
delphia, Pennsylvania 

General Radio Experimenter—General Radio Company, 275 
Massachusetts Ave., Cambridge 39, Massachusetts 

Glass Lining—Pfaudler Company, Rochester 4, New York 

Inco—International Nickel Company, 67 Wall St., New York, 
N. Y. 

Industrial Bulletin of Arthur D. Little, Inc.—Arthur D. Little, 
Inc., 30 Memorial Drive, Cambridge, Massachusetts 

Interchemical Review—Research Laboratories of Interchemical 
Corporation, 482 West 45th St., New York, N. Y. 

Kelloggram—M. W. Kellogg Company, 225 Broadway, New 
York, N. Y. 

Laboratory—Fisher Scientific Company, 711 Forbes St., Pitts- 
burgh, Pennsylvania, and Eimer & Amend, 635 Greenwich 
St., New York, N. Y. 

Lamp—Standard Oil Company of New Jersey, 30 Rockefeller 
Plaza, New York, N. Y. 

Mechanical Topics—International Nickel Company, 67 Wall St., 
N.Y. : 

a Resa} —Merck & Company, Inc., Rahway, New Jersey 

Milvay Notebook—Chicago Apparatus Company, Chicago 22, 
Illinois 

Monsanto Magazine—Monsanto Chemical Company, St. Louis, 
Missouri 

National Fireworks Review—National Fireworks, 
Hanover, Massachusetts 

Nickelsworth—International Nickel Company, 67 Wall St., N. Y. 

Nutritional Observatory—H. J. Heinz Company, Pittsburgh 12, 
Pennsylvania 

Ohmite News—Ohmite Manufacturing Company, 
Flournoy St., Chicago 44, Illinois 

Pig Iron Rough Notes—Sloss-Sheffield Steel and Iron Company, 
Birmingham, Alabama 

Pioneer—Niagara Alkali Company, 60 East 42nd St., New 
York, N. Y. 


Inc., West 
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—Pittsburgh Plate Glass Company, 632 

Pittsburgh People ; 

Pittsburgh Plate Products(  Duauesne Way, Pittsburgh, Penn- 

sylvania 

Power Specialist—22 East 40th St., New York 16, N. Y. 

Process Industries Quarterly—International Nickel Company, 
67 Wall St., New York, N. Y. 

Research Today—Eli Lilly & Company, Research Laboratories, 
Indianapolis, Indiana 

Rohm & Haas Reporter—Rohm & Haas Company, Washington 
Square, Philadelphia, Pennsylvania 

Shell News —Shell Oil Company, 50 West 50th St., New York, 

Shell Progress NY, 

Silicate P’s & Q’s—Philadelphia Quartz Company, 121 S. Third 
St., Philadelphia, Pennsylvania 

Squibb Memoranda—E. R. Squibb & Sons, 745 Fifth Ave., New 
York, N. Y. 

Steel Horizons—Allegheny Ludlum Steel Corporation, Bracken- 
ridge, Pennsylvania 

Synthetic Organic Chemicals—Eastman Kodak Company, Roches- 
ter, New York 

Technical Bulletin—Acheson Colloids Corporation, Port Huron, 
Michigan 

Therapeutic Notes—Parke, Davis & Company, Detroit, Michigan 

Thiokol Facts—Thiokol Corporation, Trenton, New Jersey 

U. S. Steel News—U. S. Steel Corporation, 71 Broadway, New 
York, N.Y. 

(Crane) Valve World—836 South Michigan Ave., Chicago, Illinois 

What’s New—Abbott Laboratories, North Chicago, Illinois 

Westinghouse Research—Westinghouse Research Laboratories, 
East Pittsburgh, Pennsylvania 

Beacon—Ohio Oil Company, Findlay, Ohio 

Crown—Crown Cork & Seal Company, Box 1837, Baltimore 3, 
Maryland 
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Diamond—Mid-Continent Petroleum Corporation, Box 381, 
Tulsa, Oklahoma 

Ethyl News—Ethyl1 Corporation, 405 Lexington Ave., New York 
17, N.Y. 

Hercules Chemist—Hercules Powder Company, Wilmington, 
Delaware 


ble Lubricat 2 ; 
ae Refinery B ee Humble Oil and Refining Company, Box 


Humble Way 2180, Houston, Texas 


Imperial Oil Review—Imperial Oil Limited, 56 Church St., 
Toronto, Ontario 

Lion Oil News—Lion Oil Refining Company, El Dorado, Ar- 
kansas 

Lubrication—Texas Company, 135 East 42nd St., New York 17, 
N. Y. 

Natural Gasser—Warren Petroleum Corporation, Tulsa 2, Okla- 
homa 

Oil-Power—Socony-Vacuum Oil Company, Inc., 26 Broadway, 
New York 4, N. Y. 

Orange Disc—Gulf Oil Corporation Gulf Building, Pittsburgh 30, 
Pennsylvania 

Our Sun—Sun Oil Company, Philadelphia, Pennsylvania 

Paper Maker—Hercules Powder Company, Wilmington 99, 
Delaware 

Photo Memo—Standard Oil Company of New Jersey, 30 Rocke- 
feller Plaza, New York 20, N. Y. 
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Plastics Newsfront—American Cyanamid Company, 30 Rocke- 
feller Plaza, New York 20, N. Y. 

Pure Oil News—Pure Oil Company, Chicago 1, Illinois 

Resinous Reporter—Resinous Products and Chemical Company, 
Philadelphia, Pennsylvania 

Sales Engineer—Standard Oil nny of Ohio, 1804 Midland 
Building, Cleveland, Ohio 

Shell Roar—Shell Oil Company, 50 West 50th St., 
N. Y. 

Socony-Vacuum News—Socony-Vacuum Oil Company, Inc., 26 
Broadway, New York 4, N. Y. 

Sohioan—Standard Oil Company of Ohio, 1804 Midland Build- 
ing, Cleveland, Ohio 


New York, 


Standard Cheoron i a heen 

Standard of California Bulletin California 

Steelways—American Iron and Steel Institute, 350 Fifth Ave. 7 
New York 1, N. Y. 

Sunoco Diamond—Sun Oil Company, Philadelphia, Pennsylvania 

Texaco Star—The Texas Company, 135 East 42nd.St., New York 
17, Ni: Y. 

Vancoram Review—Vanadium Corporation of America, 420 
Lexington Ave., New York 17, N. Y. 

Westinghouse Newsfront—Westinghouse Electric and Manufac- 
turing Company, 306 Fourth Ave., Box 1017, Pittsburgh 30, 
Pennsylvania 


Out of the Editors Bashet 


| ieneeeereweng has to fulfill four functions in industry, 


according to Dr. M. L. Crossley, Calco Director 
of Research: (1) it must establish fundamental data 
essential to the understanding of specific problems and 
guide in their solution; (2) it must create new products 
and things that will assure new earning power for the 
industry and provide the means for social and economic 
progress; (3) it must maintain the quality and effi- 
ciency of the products and the services they render 
in order to safeguard the existing investment in the 
industries; and (4) it must furnish the basis for the 
production of the variety of types of products needed 
to maintain the essential structure of a free competitive 
system of economy. 


e How to step up chemical production at reduced costs 
will be the general subject matter of a graduate course 
in chemical engineering economy which will be offered 
at the Polytechnic Institute of Brooklyn during the 
second semester of the academic year 1945-46. 


e@ Rapidly forming plans for the 20th Exposition of 
Chemical Industries foreshadow a huge panorama re- 
vealing all manner of industries reorganizing for a new 
era in creative achievement. Dated February 25 to 
March 2 next, the exposition will again be held in 
Grand Central Palace, New York, and will be the larg- 
est and most comprehensive display of its kind in many 
years, 

This, being the first postwar exposition, is being 
awaited by that large group of industries founded upon 
chemical change in their processes. The need for mate- 


rials, equipment, apparatus, instruments, and services 
is tremendous, and indications are that it will continue 
for a considerable time. Visitors have an unusual op- 
portunity that will bear fruit long into the future. 
They will desire to examine the advances, improve- 
ments, new products which have been developed but 
could not heretofore be shown. Demonstration ex- 
hibits will be the most interesting. Exhibits will oc- 
cupy three full floors and part of the fourth, the largest 
exposition in many years. 

Held biennially, the Chemical Exposition was last 
convened in 1943 in Madison Square Garden on a re- 
duced scale, due to war conditions. The forthcoming 
show with its wider scope and more numerous displays, 
holds great technical interest for chemical engineers, 
chemists, scientists, and industrialists, for whose benefit 
these expositions are held. Only persons having a di- 
rect interest in chemical or related industry will be ad- 
mitted, as the general public will be barred, and an at- 
tendance aligning with that in 1941, when 45,000 visi- 
tors registered, is anticipated. 


@ Production of a new compound which imparts to 
synthetic rubber a tackiness which aids its fabrication 
into finished products has been announced by the Gen- 
eral Aniline and Film Corporation, New York. Known 
as koresin, this new compound also has possibilities in 
the manufacture of varnishes and lacquers. 

Koresin was first made in this country last spring 
after our armies had penetrated into Germany and had 
discovered that ‘the Nazis were using a tackifier which 





appeared to have far superior qualities in fabricating 
synthetic rubber. 


e@ By encouraging development of existing personnel, 
one Pittsburgh organization has set in motion a plan 
to fill the current gap.in the stream of young chemistry 
and engineering students caused by the war. 

As an investment in the future of their own person- 
nel, Hagan Corporation and its subsidiaries, Hall Labo- 
ratories and Calgon, Inc., have announced a broad- 
gage plan to back members of their staff in getting 
college educations in night school which will serve to 
up-grade them in their work with the three companies. 
The companies will pay half the tuition and fees for 
any course the individual enters, and on attainment of 
a degree, will pay the other half. 

The idea is a recognition of the fact that many tech- 
nical staff members already have given years to night 
school courses to improve themselves at their own ex- 
pense and that the companies stand to gain from this 
broadening of horizons through college or university 
courses in chemistry, engineering, or other subjects. 

In time the flow of new men and women into chemical 
and engineering fields is expected to resume, but the 
Hagan-Hall-Calgon educational plan is intended for 
long-range, to stimulate those members who want to 
get ahead. 

“Theirs will be no easy course, however,’’ warns Dr. 
E. P. Partridge who is in charge of the plan. ‘It is 
never simple to work all day at a job and pursue further 
education in technical fields at night. To obtain a 
college degree in night school requires at least eight to 
nine years. We have men and women here who have 
gone through that disciplinary training to fit themselves 
for better posts, and our hats are off to them. Our 
new plan should at least offer more of them encourage- 
ment and some financial help in getting through—and 
the result should be a stronger staff and a surer future 
for all.”’ 


@ The Westinghouse Lamp Division has developed a 
fluorescent lamp producing ultraviolet rays under whose 
touch the dial markings of home radio or television re- 
ceivers are transformed into new, uniformly glowing 
colors. 

Although the ‘‘black light’’ lamp was desjgned chiefly 
to improve dial lighting and for radio set beautification, 
it is expected to find wide practical favor in television 
where it will cause receiver control knobs and dials to 
fluoresce with easy visibility and minimum interference 
with the television image. 

The tubular lamp itself is a simplified, miniature ver- 
sion of the fluorescent tube used to light homes, offices, 
industries, and public places; but in place of the phos- 
phors selected for the production of visible fluorescent 
light, special black light phosphors coat the inner sur- 
face of the radio panel lamp. It will be used with a 
special glass mask which blocks out stray visible light 
present even with black light phosphors but which 
nevertheless permits the invisible black light to stream 
through. . 
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@ Previously a laboratory curiosity, hydrogen peroxide 
of high concentration has always been considered too 
hazardous for practical use. Intensive research has 
shown that concentrated hydrogen peroxide of really 
high purity is a stable material that may be handled 
without hazard. 

Heretofore, the only disclosure of concentrated hy- 
drogen peroxide production has been in connection 
with the importance of this material to the German 
military machine, dramatically demonstrated during 
the last year of the war by the launching of the Nazi V- 
weapons. Data published by the Industrial Intelli- 
gence Staff of our Chemical Warfare Service show that 
the Germans had achieved large-scale production of 
hydrogen peroxide, 80 to 85 per cent by weight, after 
several years of intensive development. This materia) 
was of key importance to their entire rocket weapons 
program. 

Without knowledge of the German development and 
after short but intensive research, Buffalo Electro- 
Chemical Company, Inc., produced, in late 1944, a 
highly concentrated hydrogen peroxide. With dis- 
closure recently of the details of the German material 
and manufacturing procedures, it has been found that 
this product is far superior to the German hydrogen 
peroxide with respect to concentration, purity, sta- 
bility, and safety in handling. 

The possible commercial applications of this hydro- 
gen peroxide are innumerable. It is a highly concen- 
trated source of oxygen—one gallon will yield over four 
hundred gallons of oxygen gas. It has always been 
considered an ideal oxidant, mainly because it leaves 
no residue. Accordingly, 90 per cent hydrogen per- 
oxide promises to be of great utility in fundamental 
chemical reactions. Not only is the concentrated 
hydrogen peroxide applicable to many new reactions 
because of the comparative freedom from water, but 
many known oxidation reactions take place faster and 
more completely with this product. 


e@ The Elisabeth Severance Prentiss Foundation of 
Cleveland has made a grant, which will probably 
amount to $500,000, to finance a greatly expanded de- 
partment of biochemistry in the School of Medicine, 
Western Reserve University. 

The chair of biochemistry was left vacant recently 
with the appointment of Dr. Victor C. Myers as head 
of a new department of clinical biochemistry. Operat- 
ing the two new departments, the School of Medicine 
will follow the British pattern of having one department 
of biochemistry to carry on research and give instruc- 
tion in chemistry as it affects all forms of life, and an- 
other to perform a similar function as it affects more 
direct clinical observation and diagnosis of human 
illness. 


@ The National Education Association has inaugur- 
ated a new publication, The Public and Education, the 
purpose of which is to present directly to influential 
leaders in all phases of American life significant infor- 
mation concerning the role of education in our country. 
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It will be sent free to a selected list of leaders both 
within and outside the teaching profession. Lyle W. 
Ashby will edit this new publication which will appear 
monthly. He invites suggestions of names of indi- 
viduals who should be included on the mailing list. 


e@ One of the nicest things about the University of 
Minnesota is a building they call the Continuation Cen- 
ter. A lot of nice hotel rooms, spacious lobbies, meet- 
ing rooms, bull-session nooks, and a fine dining room 
combine to make it an ideal place to hold conferences 
of off-campus people. That is allitis used for. Almost 
always full with doctors, business men, or teachers, it 
furnishes a means of connecting the university in favor- 
able fashion with the nonenrollees it seeks to serve. 


e Into the melee of pro and con over the educational 
revolution ushered in by Army and Navy use of training 
aids now comes the voice of the U. S. Office of Educa- 
tion. Following are highlights from the Use of Train- 
ing Atds in the Armed Services, Bulletin 1945, No. 9 (10 
cents) comprising the report of the Committee on Mili- 
tary Training Aids and Instructional Materials: 


On Films: The Armed Forces during the past four years have 
produced more than sixfold as great a number of motion pictures 
and filmstrips as had ever been produced before for strictly 
educational purposes. Films were used literally with the entire 
Army and Navy. It can be said that more people have been 
subjected to training films as a regular instructional tool than 
ever before in the history of this country. 

Training Aids Included in Curriculum Planning: In general 
in the Services, planning of basic curriculum includes planning 
for the training aids needed. Courses of study are, for example, 
frequently planned in the Navy by special committees created 
for the purpose. On these committees serve representatives of 
the Navy bureau involved, representatives of the Bureau of 
Training including specialists in training aids, representatives of 
manufacturers of training equipment, and subject-matter spe- 
cialists from schools and colleges. Curricula include not only 
nature, scope, and sequence of subject-matter, but also hourly 
class breakdowns, with lists of training aids in detail for each 
class period. 

Training Aids Development Center: The Committee does feel, 
however, that consideration might well be given to the creation 
of appropriate educational jurisdictions where initial research 
would be carried on, through which recognition could be given 
to individual and local research, and through which stimulation 
could be given to more extended and effective use of appropriate 
training aids and devices. 

Education Can Learn from Advertisers: The Services have been 
quick to see, however, that the techniques used in advertising 
and other promotional activities comprehend a sure grasp of the 
nature of human motivation and that these techniques are 
equally applicable to creating incentives for training. 

Putting Humor into Education: The use of humor has received 
a great deal of attention in thought and practice in the training 
program of the Services. Especially does it (the Committee) feel 
that the use of humor may be productive of value for civilian 
education. Traditionally in civilian education we have felt that 
the use of humor in instruction is incompatible with seriousness 
of purpose. Perhaps the Services may be able to show us that 
we have excluded a most important motivating factor in ab- 
staining from the use of humor in teaching. 

Even the Pin Ball Machine: There are numerous applications 
of all systems, such as films, filmstrips, slides, flash cards, posters, 
pictures, scale models—both still and actuated—filmstsips in 
stereopticons, and shadowgraph. Even the pin ball machine 
has been adapted to this purpose. 

Realism in Education: A course is laid out, usually several 
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hundred yards in length. Machine guns with fixed angles of 
fire are set to fire from three to six feet over the ground level. 
The soldier is required to crawl over the course while the guns 
fire over his head. Needless to say, a high degree of realism is 
achieved. 

The problem of creating realism in the learning situation has 
not been overlooked in civilian programs. However, this Com- 
mittee believes that the experience of the Services in the use of 
devices, especially the so-called ‘‘synthetic’’ devices, has definite 
value for professional, technical, and vocational education. 

Learning by Doing: In many areas in civilian education the 
pupil or student is never called upon to put together in super- 
vised practice all the separate things he has learned, and it is 
not enough to say that he learned these individual items on an 
experience basis. 

The Committee believes that we in civilian education may 
find important values in the emphasis of the Services upon com- 
plete and integrated programs of ‘‘learning by doing,’ and upon 
qualifications of trainees by practice tests. 


@ The ideal of “‘bone dry” air to protect metallic and 
nonmetallic materials from deterioration resulting from 
corrosion, mold, mildew, tarnish, and other effects of 
humidity or moisture in the air has been a long-sought 
goal of air-conditioning scientists and engineers. It 
has not yet been achieved—this perfect and perpetual 
“Sahara of air’’—but recent progress in the field of ‘‘de- 
humidification” —the ‘‘dehydration” of air—is now 
playing an important part in plans for the economic 
and efficient preservation of America’s sea power. 

At the close of the first World War no adequate 
scientific equipment existed for protection of ships and 
their equipment and cargoes against the inevitable on- 
slaught of humidity. Shelter alone was not enough to 
prevent the water vapor in the air from seeping into 
the holds of ships to corrode metal surfaces or tarnish 
moving parts and “bright work.”’ 

Grease, liberally smeared over engines, exposed 
metal surfaces, and ordnance equipment was generally 
employed as a major preventative of corrosion and rust. 
As a result of this liberal use of heavy grease, the job of 
preparing an inactive naval vessel for return to active 
status was a long and costly one, involving many 
thousands of man-hours spent mainly in removing the 
grease and replacing deteriorated equipment. This 
laborious and costly refitting process was necessary in 
the case of the 50 over-age destroyers, which were re- 
commissioned in 1940 and traded to Great Britain. 

Since the early 1920’s the Navy Bureau of Ships, in 
continuous research and tests with industrial com- 
panies specializing in air-conditioning systems and 
devises for recording and controlling humidity, has 
sought efficient, economical methods for checking or 
eliminating deterioration caused by humidity. As a 
result the most advanced “‘air-drying’’ methods, equip- 
ment, and controls yet perfected are now being success- 
fully incorporated by the Navy in the greatest ship 
preservation program in world history. The Navy 
now is able to put into effect preservation measures 
which will economically maintain hundreds of ships in 
a “reserve fleet” that will be in a constant state of 
readiness for emergency action over a long period of 
years, perhaps 20 or longer. 

Preservation by dehumidification means removal of 
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moisture from the atmosphere. This is done by two 
methods: dynamic dehumidification, which employs 
machines to remove water vapor; and static dehumidi- 
fication, which employs desiccants such as silica gel to 
take up moisture. Both methods have been tested and 
found effective. 


e ‘Manufacture of bottled carbonated beverages’ is 
the title of a brief text being distributed by the Ameri- 
can Bottlers of Carbonated Beverages, Washington, 
D. C., to schools for use as a reference in their classes on 
food technology. 

The seventeen-page illustrated booklet gives a short 
description of the processes involved in the manufac- 
ture of bottled carbonated beverages, covering such 
subjects as syrup making, water treatment, carbona- 
tion, and bottle filling. Those phases of engineering, 
chemistry, and bacteriology involved in beverage plant 
operation and manufacturing control are also discussed 
briefly as an aid to students in understanding the need 
of the industry for personnel experienced in those sub- 
jects. A selected bibliography is included. 


@ Science stepped into the military problem of meet- 
ing the optical requirements of wartime and found that 
chemistry could ‘‘save the sight” of the Navy and 
Army by creating plastic substitutes on a production 
basis for our limited output of glass lenses and prisms, 
according to the Joint Board on Scientific Information. 
The release on behalf of the Office of Scientific Research 
and Development, the War Department, and the Navy 
Department, brings together the basic data involved 
in the research, development, and production of optical 
glass substitutes from the onset of the 1940 defense 
program to date, done largely on contracts of the Na- 
tional Defense Research Committee at Harvard Uni- 
versity and the Polaroid Corporation. 


e A figure in an article in the A. A. A. S. Bulletin re- 
cently caught our eye: “It is estimated that industry 
earmarks $300,000,000 for scientific research annually, 
and a substantial fraction of this sum goes to the col- 
leges and universities for a variety of uses.”’ 


e Among the many newer developments are said to 
be some chemical applications to air conditioning, for 
the purpose of eliminating nauseating odors encoun- 
tered in chemical work, the handling of livestock, etc. 


e@ Another new development is pure aluminum foil 
for household use. It will come in thin, flexible sheets 
to be torn off in any lengths desired. Because light 
and moisture cannot penetrate solid metal foil, food 
wrapped in it keeps better. 


e@ A questionnaire on legislation on scientific research 
was recently directed to 200 representative manufac- 
turers by the Smaller War Plants Corporation. The 
question asked, and a summary of the responses may 
be interesting: 


(1) Is federally supported scientific research needed by industry? 
Of those who answered in the affirmative, 50 per cent said it 
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was necessary for immediate use, and 77 per cent said yes for 
long-range use. 

(2) What kinds of research should the Federal Government 
support? Of those who favored Federal support, the votes for 
different kinds of research were: industrial, 63 per cent; indus- 
trial uses of agricultural products, 68 per cent; medical, 74 per 
cent; fundamental, 75 per cent; military, 95 per cent. 

(3) To which organizations should Federal funds for industrial 
research be provided? Of those favoring support, 69 per cent said 
it should go to existing government laboratories; 38 per cent to | 
new government laboratories; 51 per cent to industrial labora- 
tories on a contract basis; 77 per cent to nonprofit foundations 
and colleges on a contract basis. 

(4) To which organization should programming and adminis- 
tration be assigned? Of those who favored support, 29 per cent 
said it should be done by existing government agencies; 73 per 
cent preferred a central scientific agency; 4 per cent had other 
ideas. 

(5) Should the Federal Government distribute nonconfidential 
scientific and technical information? Ninety-three per cent favored 
it in the case of information resulting from government research; 
86 per cent favored it in other cases as well. 

(6) Through which agency should such nonconfidential informa- 
tion be made available to industry? Of those who favored it, 36 
per cent said it should be done by existing government agencies; 
63 per cent preferred a central scientific agency; 3 per cent had 
some other plan. 

e The following interesting item appeared in Drew 
Pearson’s ‘“‘Merry-Go-Round”’ under the date of No- 


vember 14: 

Those who have been urging that the U. S. A. adopt the 
metric system probably don’t realize it, but the meter and the 
kilogram have been the standard measurement of the Bureau 
of Standards for 50 years. 

The Bureau of Standards, official guardian of all U. S. weights 
and measures, has kept buried in a sealed vault a very precious 
standard meter and a standard kilogram. Made of platinum 
and iridium, it is on these weights and measures that all other 
weights and measurements in the United States are based. 

But the Bureau of Standards has no standard foot or standard 
pound. It uses the metric system entirely and calculates the 
foot and the pound equivalents from meters and kilograms. 

All during the war the standard meter and kilogram were 
carefully stored in the Bank of Bethesda, Md., just outside of 
Washington. This was for fear of a bombing raid on the Bureau 
of Standards; also, because of the value of the bullion in the 
meter and kilogram, estimated at $3500 for the two. 

The standard meter and kilogram have been in the Bureau 
of Standards for more than 50 years following an international 
conference which resulted in the establishment of the Inter- 
national Bureau of Weights and Measures at Sevres, France, just 
outside Paris. A master meter and a master kilogram remain 
at Sevres, and the U. S. master meter and master kilogram have 
been taken to France several times to see whether they have 
changed, either in length or weight. Scientists report that there 
has been little variance between them. 

During the war the Germans respected ‘the international 
nature of the area at Sevres and did not bomb it, though the 
windows of the international bureau were blown out by Allied 
bombers. 

American scientists point to this as a precedent for United 
Nations’ cooperation in the control of the atom bomb. Just as 
an international commission controls international weights and 
measures, scientists believe an international commission must be 
organized to control the atom bomb, also to inspect factories on 
foreign soil to make sure that the atom bomb is not being pro- 
duced secretly. 

Note—U. S. standard weights and measures are kept in 4 
sealed vault thermostatically controlled. Changes in tempera- 
ture cause expansion or contraction. When the standard meas- 
ures are to be used, they are placed in melting ice so their tem- 
perature will remain the same. 
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T IS a common illusion of young chemistry teachers 
that they can effectively present to beginning stu- 
dents in a few months practically all of what they them- 
selves have learned in five or ten years of intensive ef- 
fort. To accomplish this miraculous pedagogical feat, 
they rely upon clever simplifications of their own in- 
vention and what they fondly believe to be uniquely 
ingenious teaching techniques. As they press toward 
the realization of their admirable but hopeless ideals, 
they are likely to become more and more involved in 
frantic efforts to show how easy and plain it all really 
is, and finally end up in some such brilliant but for- 
midable simplifications as those recently published in 
THIS JOURNAL by William J.Wiswesser [22, 314,370, 418 
(1945)]. 

To the teacher of recent vintage, the first presenta- 
tion of valence is something of a problem. Valence, to 
him, is an electronic function, and he cannot conscien- 
tiously bring himself to introduce it in any save elec- 
tronic terminology. It is difficult to get very far in 
any type of a beginning chemistry course without some 
kind of a reference to valence ideas. The teacher is 
driven to choose between one of two patterns: he may 
either sidestep, more or less awkwardly, any mention 
of valence until he gets to atomic-structure theory; or, 
he may bring in some kind of introduction to the theory 
long before he feels that the students have the founda- 
tion to grasp it—chiefly for the purpose of explaining 
valence. The old-fashioned, kindergarten devices given 
in this note are only for young teachers who have to 
struggle with average, or subaverage, beginning classes, 
the mediocrity of which is becoming more painful year 
by year. 

A useful preconditioning of young teachers for this 
primitive presentation is to remind them that valence 
was described and defined a full half-century before 
it was explained electronically. The phenomenon 
could be stated in clear, simple terms without reference 
to electrons, and the principle was universally and 
fruitfully used, both theoretically and practically, by 
all chemists. “Heuristic” theory holds that the 
earliest formulation, historically, of any scientific 
principle is more likely to be grasped easily by imma- 
ture minds than is the ultimate, rigorous, logical de- 
velopment; and every teacher knows how few second- 
ary minds are mature. 

Kindergarten teachers often resort to anthropo- 
morphic analogies to illustrate their ideas, even when 
the analogies are farfetched. Elementary chemistry 
teachers should be able to present the science at the 
kindergarten level. Progressive educational theory 
indicates that immature minds will attain to maturity 
more.rapidly if they learn through graded series of 
figurative presentations which they can readily under- 
stand, progressing gradually to final formulations, than 
if they are required to memorize, verbalistically, dif- 
ficult theories which they cannot possibly at the time 
comprehend. In fact, there is evidence that many 
students, under the latter treatment, build up psychic 
blocks, or ‘‘complexes,” which seriously interfere with 
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their further education. Multitudes of -college fresh- 
men tell their advisers that they simply never could 
“set”? mathematics, physics, or chemistry, and are ab- 
solutely convinced of the futility of exposing themselves 
to these pedagogically induced pet aversions. 

Success in using the heuristic, anthropomorphic in- 
troduction to valence depends upon carefully simplified 
preparation from the outset of the course. Chemical 
affinity is described as a ‘‘force,” philosophically inex- 
plicable like all forces, which is thought of as “causing”’ 
certain types of events called ‘‘chemical reactions.”’ 
The derivative meaning of “affinity” is pointed out, 
also how this “‘affinity’’ can be “‘overcome’’ under cer- 
tain conditions by other forces, all of this leading up to 
the idea of ‘‘analysis.”” On this basis, matter is classi- 
fied into elements and compounds. Then, borrowing 
the classical, alchemistic analogy, the elements are 
classified as “‘male” and “‘female’—metals and non- 
metals, the ‘‘yin” and the “yang.” The ingenious 
teacher will lighten the presentation with interspersed 
bits of humor such as the student-report: “The metals 
are mostly hard, solid, glossy, heavy, good conductors 
of heat and electricity; the nonmetals ain’t!”’ 

Classical atomic theory is next presented on the basis 
of the law of definite proportions. It is then explained 
that while atoms of the same kind may have a warm 
chemical affection for each other, most of the stable, 
permanent attachments are between different kinds of 
atoms, 4. e., metals and nonmetals. The social or an- 
thropomorphic illustrative analogies are obvious. 

Do all chemical compounds (molecules) consist of 
one atom of one kind linked to one of the other kind? 
Unfortunately, No! This is proved by the existence of 
many cases in which two or more compounds of the 
same two elements exist. It is necessary to explain, 
at this point, that the law of definite proportions is still 
valid. Each one of such a series of compounds is of an 
accurately fixed composition. It is here that the 
crucial, but often neglected, law of multiple proportions 
comes in brilliantly supporting the atomic theory. If 
this law did not hold, the whole explanation offered by 
the atomic theory would need altering. 

The stage is now set for valence. It is curious, yet 
characteristic of the history of science, that the prin- 
ciple of valence was not suggested by such simple 
ratios as are shown by the oxides of copper (1:2) or 
those of sulfur (2:3) but by the 3:5 ratio exhibited by 
the compounds of the elements of the nitrogen group. 
Yet the heuristically minded teacher will remember that 
the idea of valence came into the minds of chemists be- 
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cause of the existence of series of compounds composed 
of the same two elements. It may be easier for the 
immature mind to picture the atom of phosphorus 
combining sometimes with three other atoms and some- 
times with five than to imagine just how the atoms are 
arranged in simpler molecules. 

Most elementary chemistry teachers are familiar 
with the elegant experiment of Harry N. Holmes in 
which equivalent quantities of sodium, magnesium, 
and aluminum are dissolved in dilute HCl and the hy- 
drogen evolved is collected and measured, the relative 
volumes being, of course, in the ratio 1:2:3. This 
factual observation is explained by supposing that in- 
dividual atoms of the three metals displace, respec- 
tively, one, two, and three atoms of hydrogen. Va- 
lence can then be provisionally defined in terms of the 
hydrogen atom as unity. Some teachers prefer to call 
this positive, or metallic, valence. The classic series— 
HCl, H,O, NH;, and CH,—can then be didactically 
used to illustrate the ‘‘other kind”’ of valence illustrated 
by the traditional molecular-structure diagrams. 

This is admittedly the primitive chemistry teaching 
of fifty years ago. The energetic, younger teacher will 
scorn it, believing it to be a waste of time and prefer- 
ring to storm the walls of modern theory by direct as- 
sault. The writer, after experimenting with various 
plans, is convinced that it is ultimately more effective 
to lead a class of average, raw beginners through the 
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classical period first as an introduction to modem 
theory. They are then usually able to get hold of it 
with some degree of appreciative enthusiasm, and recog. 
nize in electronic theory ingenious explanations of 
phenomena with which they are already somewhat 
familiar. Whereas, if modern theory is thrown at them 
cold at the outset of the course, it may seem to them 
to be utterly fantastic and artificial, and scare them 
away from chemistry forever. 

It is a pity that no authoritative textbook writer 
has extended the definition of valence to include the 
“combining-numbers” or “reaction-numbers”’ of com- 
pounds, radicals, and complexions. Such an extension 
is convenient and natural; but if the incautious teacher 
remarks that sulfuric acid has a ‘‘valence’’ of two, some 
bright boy will pipe up: “I beg your pardon, sir, but 
Professor So-and-so says that compounds have no val- 
ence,’ thereby driving the teacher to some awkward 
circumlocution. 

Finally, may the writer report that most students, in 
balancing equations, find the ‘rule of reciprocal val- 
ence” useful? If M has a valence of x and N a valence 
of y, then yM will react with xN. If one may say that 
Al(OH); has a valence of three, and H2SO, a valence of 
two, then two molecules of the hydroxide will react 
with three molecules of the acid. This simple rule has 
illuminated the pitfalls of equation balancing for 
thousands of students. 


Plant Alehemy 


Plants, like humans, thrive best when well fed. Three major 
elements—nitrogen, phosphorus, and potassium—together with 
lime, were once thought adequate soil additions for proper crop 
growth. Despite such nourishment, however, plants frequently 
develop2d deficiency symptoms. Fifteen years of empirical re- 
search have made it increasingly clear that small amounts of other 
elements are essential for the well-being of plant life. Asa result 
many commercial fertilizers now contain some of these minor ele- 
ments. 

The minor fertilizer elements include manganese, calcium, 
boron, iron, zinc, magnesium, copper, and sulfur, and possibly 
others such as cobalt, iodine, and molybdenum. The exact role 
played by these elements and the optimum amounts to be used 
are still moot questions. It is believed that they function both 
directly as nutrients and indirectly as catalysts. An overdose is 
known to be as harmful as too little. The Tennessee Eastman 
Corporation recently established the Manganese Research and 
De velopment Foundation to determine the effect which one minor 
element, manganese, has upon the quality and quantity of crops. 

Some plant deficiencies are now fairly easily recognized. Lack 
of boron turns cauliflower heads and celery stalks brown, a condi- 
tion which is remedied by application of 15 to 50 pounds of borax 
or boric acid an acre. Manganese deficiency causes leaves to turn 
yellow, while their veins remain a dark green. Manganese sulfate 
in quantities ranging from 50 to 400 pounds per acre not only rem- 
edies this deficiency, but in some areas improves significantly 
quality and quantity of crcps. In Michigan over a 100-bushel- 
per-acre increase in potato yield was obtained in one case by use 
of manganese sulfate, an increase greater than the state’s average 
yield. Other deficiencies require only minute amounts of the ele- 
ment to correct them. For instance, 2!/, pounds of copper salt 


may suffice for an acre, and a peach tree may be cured of the 
“little leaf”’ defect by applying to its leaves a small dosage of spray 
containing zinc or merely by driving zinc tacks into its bark. 

The value of the minor elements has been demonstrated strik- 
ingly in the Florida citrus industry, where the elements most 
needed for citrus plantings were determined by research workers 
at the Florida Citrus Experiment Station under the direction of 
Dr. A. F. Camp. They believe that generally deficiencies do not 
occur singly, and, if the plant is to do its best, all should be over- 
come simultaneously. In this work the subtractive method was 
used; that is, a series of fertilizers were made up, each complete in 
every known particular except one, and those were noted wherein 
the absence of an element had made them less effective. The re- 
sults indicated that magnesium, manganese, copper, and zinc 
should be fed to the citrus crops. Since 1936, fertilizers incorpo- 
rating these elements have found increasing use by Florida citrus 
growers. Although fertilizer cost per ton has been doubled by 
these additions, it has been more than overbalanced by the reduc- 
tion in poundage of fertilizer used per tree and by a great increase 
in production. One result has been a tremendous reduction in 
cost of fertilizer per 100 pounds of fruit produced. Average yield 
per acre on properly treated trees has reportedly more than 
doubled, and the yield in the state as a whole has been about dou- 
bled as compared with the old nitrogen, phosphorus, and ‘potash 
program. The fruit has been better, averaging some 25 per cent 
more vitamin C and sugar. Both trees and fruit are less sensitive 
to cold and survive chillings that formerly would have resulted in 
total losses of crop and serious injury to the trees. Scale insects 
flourish on the healthier trees, but plant diseases have been re- 
duced.—Reprinted from the Industrial Bulletin of Arthur D. 
Little, Inc. (March, 1945). 
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THE EQUILIBRIUM CONCEPT 


in Beginning College Chemistry Courses 


HE usual method of expressing the effect of varia- 

tion of conditions on a system at equilibrium is to 
make use of a phrase such as “. . .the equilibrium 
shifts. . .’—that is, ordinarily a statement is used which 
introduces an undesirable vector quality to systems in 
equilibrium. A study of a score of present-day fresh- 
man college chemistry texts, picked at random, re- 
vealed that all but one used phraseology of a nature 
which definitely implies direction in connection with 
the equilibrium condition. Consider the following ex- 
cerpts: ‘‘. . .equilibrium point is displaced in the di- 
rection. ..” (1), and “‘.. .disturbs the equilibrium to the 
left. . .”’ (2), or “‘... effect of this stress the reaction to- 
ward the left becomes more nearly complete. . .”’ (3). 
Similarly, Adams (4), in an article dealing with the 
teaching of equilibrium, says ‘‘. . .otherwise, a catalyst 
would shift the position of equilibrium, and this does 
not happen.” 

This almost universally used method has unfortunate 
implications for the beginning student and, indeed, 
frequently the erroneous impressions are carried over 
to a high level of training. The common error involves 
considering the materials on the opposite sides of the 
double arrows as separate entities. As a consequence 
the student frequently makes certain misleading infer- 
ences which prevent him from obtaining a true under- 
standing of the phenomenon. For example, he may 
believe it possible to shift an equilibrium by applying 
pressure or heat to only one side of the equilibrium. 
Then again, he has a tendency to think of the effect of 
concentration changes in terms of an increase or de- 
crease of either the reactants or products alone, as the 
case may be, without realizing that the two cannot be 
divorced from each other. A third common type of 
fallacious reasoning leads to the concept that collisions 
take place exclusively between the reactant particles 
on the one hand and between the product particles on 
the other. 

The effect of changes in conditions under which an 
equilibrium system exists can just as readily, and to 
better purpose, be described in terms of the composi- 
tion of the equilibrium mixture. Not only does the use 
of this phrase allow for statements of these effects with 
positiveness, but it also eliminates all indications of di- 
rection. Furthermore, it indicates quite definitely that 
one is dealing with a single system, a unit, and any 
change in variables will necessarily affect all of the com- 
ponents of this unit to some degree. Timm (5) makes 
use of a similar method very effectively. 

By way of example, for the equilibrium 


2SO,2 + O2 = 280; 
the question of the effect of addition of SO, td the 


equilibrium mixture is answered reasonably by pointing 
out that the composition of the mixture must change so 
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as to maintain the ratio of activities corresponding to 
the equilibrium constant. On this same basis the addi- 
tion of a substance not common to any of the compo- 
nents of the equilibrium mixture will be effective only 
in so far as it changes the activities of the participants. 
Pressure changes may be considered in an analogous 
manner. 

Similarly, in the event the temperature of the 
equilibrium system changes, the statement may be 
made that since the equilibrium constant will have 
changed, the composition of the equilibrium mixture 
will also have to change. This change will be of such 
a nature as to provide a ratio of activities consistent 
with the value of the equilibrium constant at the tem- 
perature involved. More specifically, if the tempera- 
ture is raised, it requires that the composition of the 
equilibrium mixture change so that the concentration 
of those substances which are formed endothermically 
iu this reaction increases. Thus (6), for 

N2(g) + CsH2(g) = 2HCN(g) Kus 
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1.540 X 10~‘ 
1.337 X 1078 


the concentration of HCN would be greater at the 
higher temperature since the value of K is about ten- 
fold greater than at the lower temperature.! While, 
for ‘ 


CO:(g) + 2H2(g) = CH;OH(g) 10.84 


1.695 X 107? 


Kars 


Kars 


the concentration of CH;OH will be considerably less 
at 200°C. than at 100°C. since K is smaller by a factor 
of almost a thousand at the higher temperature.? 
Stressing the importance of the.composition of the 
equilibrium mixture has the added advantage of clarify- 
ing the difference between yield of a product and com- 
pleteness of reaction. For the latter it;would be neces- 
sary to predict only the conditions under which the 
equilibrium mixture would contain a relatively high 
proportion of the desired substance—that is, when the 
value of the equilibrium constant is large, the mixture 
will contain, at equilibrium, a relatively large concen- 
tration of product (considering the usual conventions 
to hold). On the other hand, for the prediction of the 
probable yield it would be necessary to know not only 
the composition of the equilibrium mixture under the 
conditions to be chosen but also the rate at which the 
mixture will reach its equilibrium composition. In this 
1 From the value of AHag = 7700 cals. for this reaction, it can 


of course also be reasoned that the HCN concentration would be 
greater at the higher temperature. 

2 Here again, from AH = —11,700 cals., it is possible to de- 
duce that the methyl] alcohol will be present in smaller concentra- 
tion at the higher temperature. 
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case, of course, the concentration of the desired product 
in the equilibrium mixture need not necessarily be 
large if a mixture containing a smaller concentration 
can be obtained quickly. The point should be noted, 
however, that in neither case is there any necessity for 
stating that a shift has occurred or that the equilibrium 
point has moved in one or another direction. 

One additional suggestion in the mechanistic ap- 
proach to teaching equilibrum may be made. The use 
of formulas set in differing shades of type as a quick 
visual means of suggesting relative concentrations 
would be more consistent with the principle of equilib- 
rium than are the more familiar opposed arrows of un- 
equal length. The objection may be made that a large 
number of readily noticeable shadings are not possible 
whereas the lengths of arrows can be varied at will. 
While this is admittedly true, a careful perusal of the 
current textbooks in elementary college chemistry 
which make use of arrows of uneven length will show 
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that there is need for no more than three or four sizes, 
The difficulties involved in obtaining a comparable 
number of printed shades are probably not great, and 
they would be adequately compensated for by the im- 
provement in the student’s understanding of equilib- 
rium. 
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LETTERS 


To the Editor: 

When in the August issue Dr. Ernst A. Hauser en- 
thusiastically commented on the German colloid 
chemist, Wolfgang Ostwald, whom, as he relates, he 
had invited to be guest of honor at an American col- 
loid symposium, he must unfortunately have become 


the victim of typical Nazi deception. 

A considerable number of former European scien- 
tists, now in this country, vividly remember the swas- 
tika which Ostwald wore on his lapel in Germany after 
Hitler’s rise to power. Remarks, both in private and 
in public, such as the following, revealed his attitude: 

‘ . .Before we now enter into the scientific part of 
our meeting, we have the duty, and, I think, the inner 
urge, to remember the man who with unheard-of en- 
ergy threw our nation, then in the process of decom- 
position and disintegration, into the crucible, and who 
subjected it to that bitterly needed recrystallization, 
so that now again we may enjoy being Germans. .. .” 
[Translation from Kolloid-Z., 69, 260 (1934); see also 
77, 154 (1936), and 85, 115 and 119 (1938).] 

When in 1935 Ostwald became a full professor, he 
was receiving a promotion of a kind never at that time 
granted to anyone not closely connected with the 
party. All this is evidence—in which only the actual 
determination of his party membership number is 
lacking—that Wolfgang Ostwald was a very good Nazi, 
openly so inside Germany, but disguised on some of his 
brief visits abroad, well in accordance with official 
Nazi policy, as a friendly representative of ‘‘interna- 
tionally minded” German science. 

Death indeed saved the clever, double-talking prop- 
agandist for German “culture” the personal disaster 
of removal from office by the Allied Military Govern- 
ment. It saved the false solicitor of international 
good will from becoming a witness of the final downfall 
of one of the most vicious brands of nationalism, of 


which he had permitted himself to become an active— 
even though minor—exponent. 

De mortuis nil nist bene? No, if a greater than 
personal issue is involved! At no moment in history 
has it been more important for us to be able to discern 
wisely merit and guilt. There were and still are 
scientists even in Germany, who, though unable to 
leave their country or to protest effectively the crimes 
of their Nazi masters, silently kept their faith in a 
final restoration of human dignity. Wolfgang Ost- 
wald unfortunately was not one of them. 

Max A. BREDIG 


119 East 10TH STREET 
NEw York 3, N. Y. 


To the Editor: 


Although in my opinion there is nothing more de- 
testable than to mix science and politics and although 
I feel that the pages of Tas JoURNAL should not be used 
to air political opinions, I cannot let Mr. Bredig’s words, 
particularly his statement that I must unfortunately 
have become the victim of typical Nazi deception, re- 
main unanswered. 

I do not doubt that Wolfgang Ostwald wore the 
swastika on his lapel in Germany. That he ended his 
opening addresses at meetings of the Kolloidgesell- 
schaft with the compulsory ‘‘Sieg Heil” can also be 
found in print. That one had to be a party member 
to be permitted to teach in the educational field is also 
well known, and Wo. Ostwald did not need a promo- 
tion, he was internationally well known anyhow. But 
if Mr. Bredig has no better proof to offer that Wo. Ost- 
wald was a very good Nazi, he has no real basis for his 
accusation. 

Why did Mr. Bredig not refer to the fact that at the 
beginning of every meeting Ostwald read the list of 
deceased members, which included British, American, 
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French, Dutch, and Danish citizens, etc., and then said, 
“I now request that the memory of the deceased be 
honored in the customary way’? [See, for example, 
Kolloid-Z., 69, 259 (1934); 85, 113-4 (1938). 

When Wo. Ostwald was in this country in 1938, he 
did not wear a swastika on his lapel and he never talked 
about politics or Naziism. He actually refused to enter 
into any discussion along these lines. 

Whatever Mr. Bredig thinks of Ostwald’s political 
affiliation, he is wrong in calling him a double-talking 
propagandist. He cannot deny that he was a great 
scientist to whom colloid chemistry owes a great deal, 
and it is the memory of the scientist, Wo. Ostwald, 
which is at stake and which may not be blurred. We 
have fought this war to build a better world in which 
one can live in peace, even with the Germans, but if the 
memory of dead outstanding scientists cannot be re- 
spected, we have fought in vain. 

Ernst A. HAUSER 


MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
CAMBRIDGE, MASSACHUSETTS 


To the Editor: 

. . .My assignment as Instructor in Chemistry and 
Chairman of the Physical Sciences Department at 
U. T. C. (University Training Command) is an inter- 
esting one—interesting, at least, to the extent that we 
shall be in a position to determine how the G.I. will re- 
act to such educational opportunities as may be offered 
to him when he returns to civilian life. Some 2000- 
3000 students have attended each of the four weeks’ 
sessions held at our “G.I. University” thus far. Courses 
offered include those normally found in curricula of the 
first two years of any college and/or university. 

Our chemistry courses include general chemistry, 
qualitative analysis, organic chemistry, and physical 
chemistry. Attendance at three sessions is required to 
complete the college equivalents of general chemistry 
and organic chemistry. We are fortunate here in 
Florence in that our classes and laboratory work are 
given at the University of Florence, where we make 
suse of the facilities of the Instituta Chimicia. Fortu- 
nately the Army did have available large supplies of 
equipment and chemicals which were requisitioned 
from the Medical Corps for our use. We have thus 
been able to do a fair job teaching our chemistry 
courses. The same considerations also apply to other 
fields of study included among the physical sciences— 
namely, physics, geology, and astronomy. We have 
been able to use the facilities of the University of 
Florence for instruction in these subjects. The Army 
instructors have been supplemented by civilian in- 
structors who have come from the States on leave 
from their colleges and universities. 

The Chemical Institute of Florence has on its faculty 
several well-known investigators—Cannerri, Manelli, 
Bergamini, and Pellegari. Professor Rolla of “‘Floren- 
tium fame’’ did the initial work on No. 61 while he was 
here. He is now at Genoa. Schiff, Angeli, and Quil- 
ico were all here at one time, and Galileo, who was a 
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Florentine, is buried here at the church of Santa Croce. 
The Galileo Museum includes not only pieces of ap- 
paratus used by him (such as his original telescope), 
but also apparatus employed by Toricelli, Galvani, 
and others. One whole room in this museum is de- 
voted to designs of planes and aircraft whose construc- 
tion was attempted by Leonardo da Vinci. . . .” 
CaPTAIN L. F. AUDRIETH 


UNIVERSITY TRAINING COMMAND . 
FLORENCE, ITALY 


To the Editor: 

....American science teaching needs a Thermidor 
at the expense of the ‘‘educators’”’ and the social science 
people—persons like your colleague at Wesleyan who 
can see nothing for the sciences at all in his scheme of 
“‘liberal’’ education, like the high N. E. A. people who 
ignore the existence of technical high schools, institutes, 
and colleges, who are wholly committed to general 
education, who allow their science teachers a small 
annex organization at an extra dollar a year, but who 
ignore them otherwise and shove the Talent Search 
announcement upon a rear page. 

Since Hiroshima there is so much which is not in the 
Hundred Great Books or in the Great Disciplines. 
But they still are resolved to relegate ‘“‘the natural and 
social sciences firmly toa subordinate place”... . 

It is time that science and math teachers both on the 
high-school and college levels began to puncture some 
very stuffed shirts. If they go on, they will soon be 
teaching something ‘‘unified by the egg beater method,” 
as Mr. Weaver once put it in your own columns. 

Those who believe that an education is more liberal 
with science than without need to put the tub thumpers 
in their places. Last year I wrote the ‘Education for 
Freedom” people suggesting that they put some 
scientists on their programs. No response, for reasons 
readily guessed. They are quite unwilling to answer the 
question as to what and how much science a boy 
should have who is ‘educated for freedom’”’... . 

The science and math teachers need more aggressive 
leadership to throw off the incubus, in journals like 
your own. They need better laboratories or they will 
not come back from Industry, let alone better wages. 
A friend of mine worked with men teachers in a western 
arms: factory last summer. He asked a number of 
teachers if they would go back to the classroom. Many 
laughed at him. He concludes, “The schools for 
the next ten years will be taught by those who fail to 
stick in Industry”... . 

While Russia has 400,000 in her ‘‘technicums,” these 
people say, ‘Increased time must be taken from the 
physical sciences.’”’ Yet they are anxious to get funds 
for social science research tacked on to the Kilgore or 
Magnuson Bills. Their impudence passes all bounds. 
One will wait a long time to see any essay on ‘““The Place 
of Science in a Liberal Education.” 

R. E. BOWMAN 


BLACKSBURG 
VIRGINIA 
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The Application of Chemistry 
to Animal Husbandry 


J. G. ARCHIBALD 
Massachusetts State College, Amherst, Massachusetts 


OW has chemistry helped in the development of 

animal industry?’ That question is best an- 
swered by citing some illustrations, some, possibly 
most, of which you are familiar with, but the signifi- 
cance of which in their service to animal industry has 
perhaps not occurred to you. 


THE BABCOCK TEST 


As everyone knows, milk is bought and sold pretty 
largely on the basis of its fat content. A crying need 
of the dairy industry a half century ago was for a 
method that would determine the fat content of milk 
rapidly and accurately. In the old Roese-Gottlieb 
method for determining fat, you pipetted out an ali- 
quot of milk and allowed it to be soaked up by a strip 
of filter paper which was then dried and extracted over- 
night with ether in the usual manner. It was at least 
18 hours and often 24 before you had your result. 
This was the recognized official method when Dr. Bab- 
cock saw the need for something much more rapid and 
set about in his quiet way to develop it. 

Although the present-day Babcock test involves 
fully as much physics as it does chemistry, it is based 
on the reaction between sulfuric acid and milk in which 
acid of the proper strength dissolves the other solids 
and frees the fat so that it rises to the surface and can 
be measured. A skilled operator can make a hundred 
or more fat determinations in a day by the Babcock 
method. : 


THE ‘‘SOFT’’ PORK PROBLEM 


Hogs usually are finished for market on grain, or 
grain by-products. Some grains produce a firm fat 
while others produce a fat so soft and oily that handling 
of the pork becomes a serious problem. 

The basic reason for this difficulty harks back to the 
chemistry of fats. A high degree of saturation means 
firm pork; varying degrees of unsaturation mean corre- 

1 Presented at the Seventh Summer Conference, New England 
Association of Chemistry Teachers, Amherst, Massachuéetts, on 


August 11, 1945. Contribution No. 584 of the Massachusetts 
Agricultural Experiment Station. 


sponding degrees of softness. These characteristics 
are traceable to the kind of grain fed to the hogs. Fat 
formed in the body from carbohydrates contains mostly 
saturated fatty acids and is therefore firm. Body fat, 
which represents direct deposits of fats or oils existing 
as such in the feed, may be hard or soft depending on 
the degree of saturation of the fat or oil which is fed. 
Corn is the best example of a feed which is preponder- 
antly carbohydrate in nature; hence hogs fattened on 
corn yield firm pork. Other grains which produce firm 
pork are barley, peas, and cottonseed oil meal. Feeds 
high in unsaturated fats or oils, and therefore unde- 
sirable for finishing hogs, are acorns, peanuts, and soy 
beans. 

One of the very useful tools in studying this problem 
has been determination of the so-called “iodine num- 
ber.”’ It is sufficient for our purpose here to state that 
iodine number measures the degree of unsaturation in 
a fat, and that methods for determining it were de- 
veloped by Hanus and Hiibl, two German chemists, 
about 60 years ago. 


ARTIFICIAL INSEMINATION 


One of the problems of livestock production is con- 
stant improvement of the stock through selection and 
breeding. Since a single male animal may sire a large 
number of individuals, a great deal of attention has 
been given to the development of pure-bred sires, se- 
lected for their excellence in transmitting some im- 
portant characteristic such as milk production, egg 
production, or speed on the race track. Many such 
valuable sires are in service all over the world. 

Heretofore, however, their potentialities have been 
sharply circumscribed by the fact that they can breed 
only so many females during their life span. A bull, 
for example, under modern dairy practice should not 
be bred to more than about 50 to 60 cows a year. In 
recognition of this limitation there has been developed 
the theory and practice of artificial insemination, a 
procedure which is based on the fact that a single sem- 
inal discharge contains several million sperm cells, 
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only one of which is necessary to fertilize the female 
egg cell. Devices have been perfected for collection, 
dilution, and preservation of the seminal fluid, espe- 
cially that of stallions and bulls, and for later introduc- 
ing it into the reproductive tract of, not one, but of 
numerous females of the species. The usefulness of a 
valuable sire is thus multiplied many times; for ex- 
ample, a bull that formerly sired 50 calves a year may 
now sire, via the test-tube route, 500 or possibly a 
thousand. 

What part does chemistry play in this side-stepping 
of natural life processes? A very vital one. Seminal 
fluid, like all biological fluids, is highly perishable. 
The sperm cells are very susceptible to destruction by 
dehydration, by thermal shock, or by solutions not iso- 
tonic with the fluid in which they are suspended or not 
of the proper pH. In the early days of the procedure, 
all of the steps involved from collection to insemination 
were limited to a few hours. Now thanks to the efforts 
of biochemists, semen may be collected from a bull 
today and introduced into the cervix of a cow some 
time next week and perhaps thousands of miles distant. 
Although many considerations both physical and chemi- 
cal are involved, most important perhaps has been the 
development of a diluent for the semen which furnishes 
nutrient for the cells and which is suitably buffered so 
that they are not destroyed by the waste products of 
their own metabolism. There has recently been es- 
tablished at Cornell University an up-to-date bio- 
chemistry laboratory devoted solely to research in this 
rapidly developing field. 


UREA FOR RUMINANTS 

Let us turn now to animal nutrition. A whole flock 
of interesting developments present themselves here. 
One that is of particular interest to chemists is the use 
of urea as a partial substitute for protein in the rations 
of those farm animals which have a multiple stomach, 
e. g., the cow and the sheep. 

Urea is now a common article of commerce, made 
synthetically from coal, air, and water. For the most 
part the output has gone into fertilizers, plastics, and 
explosives. Its NH» radicals, however, have always 
interested investigators as a possible raw material for 
protein elaboration. Although the steps in transforma- 
tion of urea into protein are not clearly understood, 
the following type reactions help to visualize the general 
conception : 

Sugar + urea ————> glycine (1) 

Glycine + glycine — water ————> glycyl-glycine (2) 
By a series of similar steps involving more complex 
amino acids, much longer polypeptide chains, and de- 
hydration with each successive step, we arrive even- 
tually at the very complex structure of the proteins. 

The potentialities of urea as a protein substitute were 
first investigated by German scientists during and after 
World War I. Much of their work was based on short- 
term trials and was not very conclusive. The subject 
has been reinvestigated in this country during the past 
decade; our own experiment station has been privileged 
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to have a part in the work, and we have found that urea 
can be used to a limited extent in the rations of dairy 
cows. It has rather definite limitations, the chief of 
which are: 

1. Itcan be utilized only by ruminants, 7. e., animals 
with a compound stomach. The conversion of urea 
into protein or amino acids is carried on by the micro- 
organisms (bacteria and protozoa) which are normal 
inhabitants of the rumen or first stomach of the cow, 
the sheep, and the goat. 

2. The ration must be high in sugar or other readily 
fermentable carbohydrate in order to furnish a suitable 
medium for growth of the microbial flora and fauna. 

Notwithstanding these limitations the use of syn- 
thetic urea in animal rations is nevertheless one step 
in the direction of synthetic food. 


COWS AND CAROTENE 


Time was when authorities in animal nutrition 
thought that cows got all the necessary vitamins in their 
natural food. That was undoubtedly true in a state of 
nature, but the average dairy cow of today is kept 
under highly artificial conditions, especially in the 
winter time. Research in nutrition, always with chem- 
istry as its basis, has shown that cows suffer quite fre- 
quently from an insufficieny of vitamin A. The most 
frequent manifestations of this in cows are night 
blindness and the birth of weak, dead, or blind calves; 
it happens when cows have been fed on roughage that 
is low or lacking in carotene. 

Beta-carotene, a long-chain unsaturated hydrocarbon 
with eleven double bonds, is the principal and most 
potent form of carotene. It is found in all plants, but 
in much greater quantities in some species than in 
others, associated with varying amounts of alpha- 
carotene, gamma-carotene, and hydroxy beta-carotene 
(cryptoxanthin). All are yellow pigments and all are 
precursors of vitamin A and are the only forms in which 
it occurs in plants. When eaten by animals, these 
pigments are hydrolyzed in the liver to form the true 
vitamin A, a colorless viscous liquid, having the struc- 
ture of an unsaturated polyene alcohol. 

Now what significance do all these facts of chemistry 
have for the animal husbandman? Simply this; the 
carotene contained in hay and silage must be his prin- 
cipal dependence for supplying his cows with adequate 
amounts of vitamin A. Carotene is readily destroyed 
by exposure to sunlight and air, less readily by high 
temperatures. It is therefore of practical importance 
that hay be cured with a minimum of exposure to 
bright sunlight and a minimum of stirring, since this 
shatters the leaves which contain most of the carotene 
(as well as other valuable constituents) and permits 
more air circulation through the hay than is desirable 
from this standpoint. Even in the best of haymaking 
seasons, however, some destruction of carotene is in- 
evitable because a certain amount of sunlight and air 
are essential to dry the hay to the point where it can be 
stored safely. In seasons like the present one (August) 
much of the hay that goes into eu; barns has lost most, 
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if not all, of its carotene content. Farmers who do not 
have silage to feed next winter and whose hay has been 
alternately rained on and partially dried several times, 
can expect calf losses before spring unless they remedy 
the situation in some other way. 

Because of these conditions agricultural research in 
recent years has devised numerous alternative methods 
for curing and storing hay. Those two which are 
within the reach of most farmers are the storing of part 
of the hay crop as grass silage and the installation of 
forced ventilation in hay barns whereby hay partly 
dried in the field can be further dried to the point of 
safety by blowing air through it. 

What has chemistry to do with such operations? 
Well, in barn drying, studies are made of the carotene 
content of hay dried in this way as compared with 
field-cured hay. These determinations of carotene 
require the services of a skilled chemist. Development 
of our present methods for carotene determination has 
involved the collaboration of many biochemists over a 
long period of years. In the storing of grass silage 


much use has been made of chemistry as well as bac- 
teriology in studies of the fermentations which take 
place, how they can be controlled, and how they affect 
the nutrients present in the ensiled crops. 





COWS AND COBALT 


Most of you probably have been hearing about 
“trace” elements in plant and animal nutrition. I 
doubt, however, if many of you have heard that an 
infinitesimal trace of cobalt is essential to the welfare 
of cattle and that not infrequently that infinitesimal 
trace is lacking in certain soils and hence in the crops 
grownonthem. A dozen years ago no one even dreamt 
that cobalt might be of significance in animal nutrition. 

Now, the lack of it is recognized as at least one factor, 
possibly the principal factor, in an obscure disease of 
cattle and sheep, a type of nutritional anemia. Farm- 
ers have been familiar with it for generations and have 
observed that it occurred only in certain regions and 
on certain farms in those regions. Long ago they dis- 
covered that their animals could be cured by moving 
them to other farms, by changing pastures, or by feed- 
ig hay grown elsewhere. 

It remained, however, for the chemist to show that 
the trouble in many instances could be cured in spec- 
tacular fashion by feeding the animals very small 
amounts of cobalt compounds. Now comes the cap- 
sheaf to this fairy tale; it has been shown that cobalt 
compounds when injected into the blood stream are in- 
effective. How, then, do they produce the desired re- 
sult when administered orally? One group of investi- 
gators claim to have the answer: that the cobalt has 
its effect indirectly. 

Cows and sheep and possibly goats seem to be the 
only species affected by the trouble. All of them belong 
to the group which are known as polygastric animals, 
1. e., they have a multiple stomach. That part of the 
digestive process which takes place in the first chamber 
and also to some extent in the second and third cham- 
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bers differs from true digestion in that it is carried on 
by microorganisms rather than by enzymes secreted 
by the animal itself. It is, in reality, fermentation, 
caused by a rather specific microbial flora and fauna 
which need proper nutrients in order to do their job. 
Apparently one of these nutrients is a tiny trace of co- 
balt. 

These microbes synthesize certain entities which are 
essential to the proper nutrition of their host and which 
the cow uses just as though they had existed preformed 
in the feed as eaten. As already indicated in our con- 
sideration of urea as a partial protein substitute, one 
of the substances formed is some form of protein or its 
precursors. Another one is the so-called vitamin B 
complex. It has been known for a long time that cattle 
on normal rations are independent of outside sources 
of the water-soluble vitamins. Now it seems that the 
significance of cobalt in ruminant nutrition is due to its 
role in stimulating the microorganisms of the paunch 
to synthesize one or more of these vital accessory sub- 
stances. The disease is therefore not a cobalt deficiency 
as such but a vitamin deficiency due indirectly to the 
lack of cobalt, which explains why cobalt injected into 
the blood stream is not effective. 


SYNTHETIC HORMONES 


We have just begun to realize the possibilities of 
synthetic hormones in animal industry. Although we 
have known for some time the pharmacological action 
of most of the important hormones, we have been 
stymied by the high cost of such things as insulin, 
thyroxin, and adrenalin prepared from natural sources. 
But here again the chemist has labored fruitfully to 
determine the structure of these natural hormones and 
some of them are now produced in the laboratory. 
Good examples of these are diethylstilbestrol and syn- 
thetic thyroxin. The former when injected into a virgin 
heifer causes her udder to develop and to secrete milk. 

Synthetic thyroxin—now made in commercial quan- 
tities from skim milk, iodine, hydrochloric acid and 
salt—is being given thorough trial by several American 
experiment stations (our own included) for its possible 
effects on milk yield. It has already been shown that 
its use in small amounts (1/2 oz. daily) results in many 
individuals in a substantial increase in milk yield and 
in the fat content of the milk. 

Undoubtedly even more spectacular results from 
other hormones are, to resort to a threadbare expression, 
“just around the corner.”’ Scientists know now how to 
change a chicken’s plumage and other secondary sex 
characteristics so that a hen becomes a fair imitation 
of the gallant Chanticleer. It is not beyond the realm 
of the imagination that a belligerent bull might be in- 
duced to become as docile as the mythical Ferdinand 
with his “‘delicate ego.”” Who knows? Perhaps some 
day the proverbial hen-pecked husband may be able 
to surreptitiously slip into the “‘battle axe’s’’ coffee a 
tiny trace of something that, all unsuspected by her, 
will so mellow her disposition that on occasion he may 
be able to have the last word. 
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RECENT BOOKS 


PHOTOSYNTHESIS AND RELATED PROCESSES, VOLUME I. Chem- 
istry of photosynthesis, chemosynthesis and related processes 
in vitro and in vivo. EugeneI. Rabinowitch, Research Associate, 
Solar Energy Conversion Research Project, Massachusetts 
Institute of Technology. Interscience Publishers, Inc., New 
York, 1945. xiv-+599pp. 63figs. 76tables. 15 X 23cm. 
$8.50. 

It is now about twenty years since any comprehensive publica- 
tion has appeared on this subject. During these twenty years the 
results of researches have been published in large number, new 
methods of investigation have been devised, and several novel 
theories and concepts have been formulated, particularly in the 
chemical and physical aspects of the subject. The present work 
‘was announced some years ago and it has seemed to be a long time 
in making its appearance. Our patience has been well rewarded, 
however, for this is, indeed, a splendid work and is deserving of the 
highest commendation. 

The book under review is the first volume of a two-volume 
work, the whole being divided into four parts. The first volume 
contains: I, ‘‘The Chemistry of Photosynthesis and Related 
Processes’; and II, ‘‘The Structure and Chemistry of the Photo- 
synthetic Apparatus.’”’ The second volume, which is promised 
within a year, will contain: III, ‘‘The Spectroscopy and Fluor- 
escence of the Pigments”; and IV, ‘“‘The Kinetics of Photosyn- 
thesis.’?’ The work emphasizes the physical and chemical aspects 
of the subject written by one who is clearly thoroughly familiar 
with the fundamental concepts of physics and chemistry which 
are applied to this all-important phenomenon. 

The first two chapters are devoted to a very clear discussion of 
the role of photosynthesis in nature and an historical account of 
the early scientific researches. There follows a chapter on the 


over-all reaction and the products of photosynthesis and one on 
photosynthesis and related processes outside the living cell. The 


next two chapters are devoted to bacterial photosynthesis and 
the metabolism of anaerobically adapted algae. To some plant 
physiologists this may appear an unorthodox method of presen- 
tation. From the physical-chemical viewpoint, which dominates 
the present work, this means of presentation has definite advan- 
tages in clarifying some fundamental concepts. Thermodynamic 
considerations are given a prominent place throughout the book, 
and the use made of thermodynamic calculations offers a valu- 
able example of the use of this tool in a complex problem of this 
nature. 

The author struggles manfully with the modern theories of pho- 
tosynthesis. These are presented here more lucidly and with 
more critical thought of their relative merit than has ever been 
achieved before. Even though there may be some differences of 
opinion regarding questions of interpretation, as there are certain 
to be in a matter which is in such a state of flux and development 
as the present problem, the essential data are clearly presented in 
the light of definite concepts. This also applies to succeeding 
chapters on nonphotochemical partial processes in photosynthe- 
sis, carboxylation, and phosphorylation. Throughout these dis- 
cussions a wealth of experimental and theoretical material is in- 
troduced and pertinent researches are cited. Nor is the presen- 
tation confined to the modern ideas; the older ideas of Liebig and 
of Baeyer are given consideration in the light of additional data. 
There is, moreover, an aspect of this book which is most impor- 
tant. It is not only what is said that is important, but many as- 
pects of the problem which are not elaborated arouse one’s curi- 
osity, so that a careful reading should stimulate further research. 
The book should, therefore, fulfill not only an information func- 
tion but also an heuristic one. 

It is an astonishing fact, and one which has elements of dis- 
appointment, that, in spite of the perfectly enormous amount of 
effort which has gone into the study of the chloroplast pigments, 
we still have such imperfect concepts of the role of these pigments 
in the photosynthetic process. Weare prone to take refuge in the 
statement that this is simply an indication of the tremendous 
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complexity of the system with which we are dealing in trying to 
elucidate the photosynthetic process. Here is, indeed, an oppor- 
tunity for fundamental discovery. In six chapters the author pre- 
sents the important observations on chloroplasts and chromo- 
plasts, the pigment systems, chlorophyll, the accessory pigments, 
and the photochemistry of pigments i vitro, a book of respectable 
size in itself. These subjects are also developed primarily from 
the physical-chemical viewpoint. These chapters constitute a 
valuable compilation of this complex aspect of the problem of pho- 
tosynthesis. 

A book such as this, of course, cannot meet all needs of all men. 
There are some biological and biochemical aspects of photosyn- 
thesis which are passed over rather lightly or omitted; but the 
physical and physical-chemical aspects are there. 

For the serious student, for the teacher, and for the investigator 
the book is an invaluable source of information and of inspiration 
and guidance for instruction and research. Moreover, those inter- 
ested primarily in the chemical aspects of the subject will find the 
present book of great assistance in understanding the broad phys- 
iological background of the phenomenon of photosynthesis. 

H. A. SPOEHR 
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INTRODUCTION TO INDUSTRIAL CHEMISTRY. W. T. Frier, In- 
structor in Metallurgy, Erie General Electric Technical Night 
School, and Albert C. Holler, Chief Chemist and Metallurgist, 
U.S. Metal Products Company. First Edition. McGraw-Hill 
Book Company, Inc., New York, 1945. ix + 368 pp. 14 X 20 
cm. $3.00. 

The object of this book is ‘“‘to give employees of industrial 
plants an opportunity to understand better the chemistry of 
many processes that are going on around them... taking into 
consideration that they may have had little scientific back- 
ground. Therefore, it is designed to serve as a textbook for in- 
dustrial night schools.” 

The first 20 per cent of the book is devoted to the principles of 
elementary chemistry on such a basis that no scientific back- 
ground is required. Atoms, molecules, valence, radicals, acids, 
bases, salts, oxidation, and reduction are all described in ele- 
mentary terms. Popular and catchy methods of description are 
used along with simple cartoon style drawings. Valence is in- 
troduced with hooks, which is expanded to hooks and eyes for 
electron sharing. The weight of an atom of hydrogen is termed a 
gazerga and from this is built the table of atomic weights, then 
discarded. 

The next 45 per cent of the book is devoted to the production 
of engineering materials, as iron, steel, slags, aluminum, magne- 
sium, electrochemical products, silicates and glass, ceramics, ce- 
ment, industrial water, and fuels and their combustion. Only 15 
pages are devoted to heavy chemicals, as sulfuric acid, soda ‘ash, 
and caustic soda. The final 35 per cent of the book is devoted to 
organic chemistry and its products, as plastics, rubber, and pe- 
troleum. Organic compounds are explained with pictures of 
models and structural formulas. : 

Each chapter is closed with a reiteration of definitions, a set of 
questions, and some general references. The appendix contains 
some physical constants, but probably most useful is the list of 
motion pictures dealing with material in the text. Each title 
gives the running time, silent or sound film, distributor of the 
film, and a brief description of what will be seen. 

From the authors’ preface it is seen that the book has no place 
in the college field. The industrial night school would be one 
catering to employees of metallurgical plants, for the material on 
heavy inorganic and organic products is inadequate for workers 
in those fields. The book should be available on the supplemen- 
tary reading shelf for the high-school chemistry student. 
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